Effectiveness of interventions to prevent pre-frailty and frailty progression in older adults: a systematic review. by Apóstolo, João et al.
SYSTEMATIC REVIEWEffectiveness of interventions to prevent pre-frailty and
frailty progression in older adults: a systematic review
Joa˜o Apo´stolo1  Richard Cooke2  Elzbieta Bobrowicz-Campos1  Silvina Santana3  Maura Marcucci4,5 
Antonio Cano6  Miriam Vollenbroek-Hutten7  Federico Germini5  Barbara D’Avanzo8  Holly Gwyther2 
Carol Holland2
1Health Sciences Research Unit: Nursing, Nursing School of Coimbra, Portugal Centre for Evidence Based Practice: a Joanna Briggs Institute Centre
of Excellence, 2Aston Research Centre for Healthy Ageing (ARCHA), Aston University, Birmingham, United Kingdom, 3Department of Economics,
Management and Industrial Engineering, University of Aveiro, Aveiro, Portugal, 4Geriatric Unit, Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico, Milan, Italy, 5Department. of Clinical Science and Community Health, University of Milan, Milan, Italy, 6Department of Paediatrics,
Obstetrics and Gynaecology, Universitat de Valeˆncia, Valeˆncia, Spain, 7Roessingh Research and Development, Enschede, The Netherlands, and
8IRCCS Istituto di Ricerche Farmacologiche Mario Negri, Milan, ItalyA B S T R AC T
Objective: To summarize the best available evidence regarding the effectiveness of interventions for preventing
frailty progression in older adults.
Introduction: Frailty is an age-related state of decreased physiological reserves characterized by an increased risk
of poor clinical outcomes. Evidence supporting the malleability of frailty, its prevention and treatment, has been
presented.
Inclusion criteria: The review considered studies on older adults aged 65 and over, explicitly identified as pre-frail
or frail, who had been undergoing interventions focusing on the prevention of frailty progression. Participants
selected on the basis of specific illness or with a terminal diagnosis were excluded. The comparator was usual care,
alternative therapeutic interventions or no intervention. The primary outcome was frailty. Secondary outcomes
included: (i) cognition, quality of life, activities of daily living, caregiver burden, functional capacity, depression and
other mental health-related outcomes, self-perceived health and social engagement; (ii) drugs and prescriptions,
analytical parameters, adverse outcomes and comorbidities; (iii) costs, and/or costs relative to benefits and/or savings
associated with implementing the interventions for frailty. Experimental study designs, cost effectiveness, cost
benefit, cost minimization and cost utility studies were considered for inclusion.
Methods: Databases for published and unpublished studies, available in English, Portuguese, Spanish, Italian and
Dutch, from January 2001 to November 2015, were searched. Critical appraisal was conducted using standardized
instruments from the JoannaBriggs Institute. Datawas extracted using the standardized tools designed for quantitative
and economic studies. Data was presented in a narrative form due to the heterogeneity of included studies.
Results: Twenty-one studies, all randomized controlled trials, with a total of 5275 older adults and describing 33
interventions, met the criteria for inclusion. Economic analyses were conducted in two studies. Physical exercise
programs were shown to be generally effective for reducing or postponing frailty but only when conducted in
groups. Favorable effects on frailty indicators were also observed after the interventions, based on physical exercise
with supplementation, supplementation alone, cognitive training and combined treatment. Group meetings and
home visits were not found to be universally effective. Lack of efficacy was evidenced for physical exercise performed
individually or delivered one-to-one, hormone supplementation and problem solving therapy. Individually tailored
management programs for clinical conditions had inconsistent effects on frailty prevalence. Economic studies
demonstrated that this type of intervention, as compared to usual care, provided better value for money, particularlyCorrespondence: Joa˜o Apo´stolo, apostolo@esenfc.pt
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SYSTEMATIC REVIEW J. Apo´stolo et al.for very frail community-dwelling participants, and had favorable effects in some of the frailty-related outcomes in
inpatient and outpatient management, without increasing costs.
Conclusions: This review found mixed results regarding the effectiveness of frailty interventions. However, there is
clear evidence on the usefulness of such interventions in carefully chosen evidence-based circumstances, both for
frailty itself and for secondary outcomes, supporting clinical investment of resources in frailty intervention. Further
research is required to reinforce current evidence and examine the impact of the initial level of frailty on the benefits
of different interventions. There is also a need for economic evaluation of frailty interventions.
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12 weeks - due to quality flow (sparse data 
unclear participant and assessor 
blinding)
Knee extension 
strength
270
(2 studies)a,c
12 weeks to 6 
months
LOW
- due to quality flow (unclear participant 
and assessor blinding) and 
inconsistency (different populations and 
different interventions)
Not estimable Not estimable Not estimable
Weight 248
(2 studies)a,b
3 months
MODERATE
- due to quality flow (no participant 
blinding)
Not estimable Not estimable Not estimable
Body Mass Index 246
(1 study)c
6 months
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Exhaustion 494
(3 studies)a,b,c
3 months to 6 
months
LOW
- due to quality flow (no participant 
blinding) and inconsistency (different 
interventions)
Not estimable Not estimable Not estimable
Physical activity level 494
(3 studies)a,b,c
3 months to 6 
months
LOW
- due to quality flow (no participant 
blinding) and inconsistency (different 
interventions)
Not estimable Not estimable Not estimable
Physical performance 135
(2 studies)a,e
12 weeks
LOW
- due to quality flow (sparse data, no 
assessor and participant blinding, 
unclear concealment) and inconsistency 
(different interventions)
Not estimable Not estimable Not estimable
Activities of daily 
living
51
(1 study)a
12 weeks
LOW
- due to quality flow (sparse data, no 
assessor blinding, unclear participant 
blinding and concealment)
Not estimable Not estimable Not estimable
Cardiovascular 
(systolic blood 
pressure post walk)
200
(1 study)c,d
15 weeks
LOW
- due to quality flow (selective reporting, 
failure to adhere to ITT analysis, unclear 
participant blinding and concealment)
Not estimable Not estimable Not estimable
Cardiovascular 
(distance)
200
(1 study)c,d
15 weeks
LOW
- due to quality flow (selective reporting, 
failure to adhere to ITT analysis, unclear 
participant blinding and concealment)
Not estimable Not estimable Not estimable
Fear of falling 200
(1 study)c,d
15 weeks
LOW
- due to quality flow (selective reporting, 
failure to adhere to ITT analysis, unclear 
participant blinding and concealment)
Not estimable Not estimable Not estimable
Intrusiveness 200
(1 study)c,d
15 weeks
LOW
- due to quality flow (selective reporting, 
failure to adhere to ITT analysis, unclear 
participant blinding and concealment)
Not estimable Not estimable Not estimable
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Comparison: placebo, usual care + placebo, no intervention 
Outcomes No of 
Participants
(studies)
Post-intervention 
Quality of the evidence
(GRADE)
Relative effect Anticipated absolute effects
Risk with 
control 
intervention
Risk difference with 
interventions of 
interest (95% CI)
Improvement in 
frailty
377
(2 studies)f,g
3 months
LOW
- due to quality flow (no participant
blinding) and inconsistency (different 
interventions)
Not estimable Not estimable Not estimable
Gait speed 377
(2 studies)f,g
3 months
LOW
- due to quality flow (no participant
blinding) and inconsistency (different 
interventions)
Not estimable Not estimable Not estimable
Grip strength 131
(1 study)f
3 months
MODERATE
- due to quality flow (sparse data, no
participant blinding)
Not estimable Not estimable Not estimable
Knee strength 246
(1 study)g
3 months
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Weight 218
(2 studies)f
12 weeks to 3 
months
LOW
- due to quality flow (no participant
blinding) and inconsistency (different 
interventions)
Not estimable Not estimable Not estimable
Body mass Index 246
(1 study)g
3 months
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Exhaustion 377
(2 studies)f,g
3 months
LOW
- due to quality flow (no participant
blinding) and inconsistency (different 
interventions)
Not estimable Not estimable Not estimable
Physical activity level 377
(2 studies)f,g
3 months
LOW
- due to quality flow (no participant
blinding) and inconsistency (different 
interventions)
Not estimable Not estimable Not estimable
Physical performance 87
(1 study)f
12 weeks
MODERATE
- due to quality flow (sparse data and 
unclear participant blinding)
Not estimable Not estimable Not estimable
Energy intake 87
(1 study)f
12 weeks
MODERATE
- due to quality flow (sparse data and 
unclear participant blinding)
Not estimable Not estimable Not estimable
Protein 87
(1 study)f
12 weeks
MODERATE
- due to quality flow (sparse data and 
unclear participant blinding)
Not estimable Not estimable Not estimable
Essential amino acid 87
(1 study)f
12 weeks
MODERATE
- due to quality flow (sparse data and 
unclear participant blinding)
Not estimable Not estimable Not estimable
Population: pre-frail and frail older adults
Setting: primary care
Intervention: supplementation with protein, supplementation increasing protein-calorie and micronutrients intake
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Adequacy ratio for the 
intake of energy, 
protein and 
micronutrients
87
(1 study)f
12 weeks
MODERATE
- due to quality flow (sparse data and 
unclear participant blinding)
Not estimable Not estimable Not estimable
Population: non-frail, pre-frail and frail older adults
Setting: primary care, hospital care and emergency department 
Intervention: Individually tailored management of clinical condition
Comparison: usual care, alternative control treatment
Outcomes No of 
Participants
(studies)
Post-intervention 
Quality of the evidence
(GRADE)
Relative effect Anticipated absolute effects
Risk with 
control 
intervention
Risk difference with 
interventions of 
interest (95% CI)
Improvement in frailty 712
(3 studies)
6 months to 12 
months
- due to quality flow (no participant and 
assessor blinding, no concealment) and 
inconsistency (different populations and 
interventions)
Not estimable Not estimable Not estimable
Physical performance 1338
(1 study)
Non-clear
MODERATE
- due to quality flow (no participant 
blinding)
Not estimable Not estimable Not estimable
Instrumental activities 
of daily living
1338
(1 study)
Non-clear
MODERATE
- due to quality flow (no participant 
blinding)
Not estimable Not estimable Not estimable
Basic activities of daily 
living
1506
(2 studies)
8-10 weeks to 
non-clear
LOW
- due to quality flow (no participant 
blinding and concealment, failure to 
adhere to ITT analysis) and 
inconsistency (different populations and 
interventions)
Not estimable Not estimable Not estimable
Population: non-frail at risk of frailty, pre-frail andfrailolder adults
Setting: primary care
Intervention: combined treatment
Comparison: placebo, usual care + placebo, discontinuation of intervention, no intervention
Outcomes No of 
Participants
(studies)
Post-intervention 
Quality of the evidence
(GRADE)
Relative effect Anticipated absolute effects
Risk with 
control 
intervention
Risk difference with 
interventions of 
interest (95% CI)
Improvement in frailty 429
(3 studies)
3 months to 3 
years
LOW
- due to quality flow (no participant 
blinding) and inconsistency (different 
interventions)
Not estimable Not estimable Not estimable
Gait speed 429
(3 studies)
3 months to 3 
years
LOW
- due to quality flow (no participant 
blinding) and inconsistency (different 
interventions)
Not estimable Not estimable Not estimable
Grip strength 183
(2 studies) LOW
Not estimable Not estimable Not estimable
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3 months to 3 
years
- due to quality flow (sparse data, no 
participant blinding) and inconsistency 
(different interventions)
Knee strength 246
(1 study)
6 months
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Weight 183
(2 studies)
3 months to 3 
years
LOW
- due to quality flow (sparse data, no 
participant blinding) and inconsistency 
(different interventions)
Not estimable Not estimable Not estimable
Body Mass Index 246
(1 study)
6 months
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Exhaustion 429
(3 studies)
3 months to 3 
years
LOW
- due to quality flow (no participant 
blinding) and inconsistency (different 
interventions)
Not estimable Not estimable Not estimable
Physical activity level 429
(3 studies)
3 months to 3 
years
LOW
- due to quality flow (no participant 
blinding) and inconsistency (different 
interventions)
Not estimable Not estimable Not estimable
Physical Performance 102
(1 study)
4 months
MODERATE
- due to quality flow (sparse data and no 
participant blinding)
- plausible confounding factors were 
identified
Not estimable Not estimable Not estimable
Population: non-frail, non-frail at risk of frailty, pre-frail and frail older adults
Setting: primary care
Intervention: group sessions, group sessions for persons not being at risk of frailty and individual educational sessions by a geriatrician
for persons being at risk of frailty
Comparison: usual care, alternative control treatment
Outcomes No of 
Participants
(studies)
Post-intervention 
Quality of the evidence
(GRADE)
Relative effect Anticipated absolute effects
Risk with 
control 
intervention
Risk difference with 
interventions of 
interest (95% CI)
Improvement in frailty 1079
(2 studies)h,i
18 months*
MODERATE
- due to quality flow (unclear participant 
blinding), and inconsistency (different 
interventions)
- plausible confounding factors were 
identified
Not estimable Not estimable Not estimable
Tiredness 459
(1 study)h
**
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Population: non-frail, pre-frail and frail older adults
Setting: primary care
Intervention: single home visit by health professional, multiple home visits by a nurse, multiple home visits by a nurse + alert button
Comparison: usual care
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Outcomes No of 
Participants
(studies)
Post-intervention 
Quality of the evidence
(GRADE)
Relative effect Anticipated absolute effects
Risk with 
control 
intervention
Risk difference with 
interventions of 
interest (95% CI)
Improvement in frailty 592
(2 studies)j,k,l
9 months*
VERY LOW
- due to quality flow (no participant 
blinding and concealment), 
inconsistency (different populations) and 
indirectness (very broad population)
Not estimable Not estimable Not estimable
Tiredness in daily 
activities
459
(1 study)j
**
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Disability in activities 
of daily living
651
(1 study)k
18 months
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Health status –
physical component
651
(1 study)k
18 months
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Health status – mental 
component
651
(1 study)k
18 months
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Population: pre-frail and frail older adults
Setting: primary care
Intervention: cognitive training
Comparison: usual care + placebo
Outcomes No of 
Participants
(studies)
Post-intervention 
Quality of the evidence
(GRADE)
Relative effect Anticipated absolute effects
Risk with 
control 
intervention
Risk difference with 
interventions of 
interest (95% CI)
Improvement in frailty 246
(1 study)
6 months
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Gait speed 246
(1 study)
6 months
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Knee strength 246
(1 study)
6 months
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Body Mass Index 246
(1 study)
6 months
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Exhaustion 246
(1 study)
6 months
MODERATE
- due to quality flow (unclear participant 
blinding)
Not estimable Not estimable Not estimable
Physical activity level 246
(1 study)
6 months
MODERATE
Not estimable Not estimable Not estimable
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- due to quality flow (unclear participant 
blinding)
Population: pre-frail and frail older adults
Setting: primary care
Intervention: problem solving therapy
Comparison: alternative control treatment
Outcomes No of 
Participants
(studies)
Post-intervention
Quality of the evidence
(GRADE)
Relative effect Anticipated absolute effects
Risk with 
control 
intervention
Risk difference with 
interventions of 
interest (95% CI)
Improvement in frailty 117
(1 study)
3 months
MODERATE
- due to quality flow (sparse data and no 
participant blinding)
Not estimable Not estimable Not estimable
Gait speed 117
(1 study)
3 months
MODERATE
- due to quality flow (sparse data and no 
participant blinding)
Not estimable Not estimable Not estimable
Grip strength 117
(1 study)
3 months
MODERATE
- due to quality flow (sparse data and no 
participant blinding)
Not estimable Not estimable Not estimable
Weight 117
(1 study)
3 months
MODERATE
- due to quality flow (sparse data and no 
participant blinding)
Not estimable Not estimable Not estimable
Exhaustion 117
(1 study)
3 months
MODERATE
- due to quality flow (sparse data and no 
participant blinding)
Not estimable Not estimable Not estimable
Physical activity level 117
(1 study)
3 months
MODERATE
- due to quality flow (sparse data and no 
participant blinding)
Not estimable Not estimable Not estimable
Population: frail older men
Setting: primary care
Intervention: hormone replacement
Comparison: placebo
Outcomes No of 
Participants
(studies)
Post-intervention 
Quality of the evidence
(GRADE)
Relative effect Anticipated absolute effects
Risk with 
control 
intervention
Risk difference with 
interventions of 
interest (95% CI)
Isometric grip strength 100
(1 study)m,n,o
36 weeks
MODERATE
- due to quality flow (sparse data)
Not estimable Not estimable Not estimable
Leg extension power 100
(1 study) m,n,o
36 weeks
MODERATE
- due to quality flow (sparse data)
Not estimable Not estimable Not estimable
Physical performance 100
(1 study) m,n,o
36 weeks
MODERATE
- due to quality flow (sparse data)
Not estimable Not estimable Not estimable
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a – Physical exercise program provided in group
b – Physical exercise program provided in group with nutrition consultation
c – Physical exercise programs delivered in class with home-based practice
d – Supervised computerized balance training provided individually
e – Home-based physical exercise program
f – Supplementation with protein
g – Supplementation increasing protein-calorie and micronutrients intake
h – Group sessions
i – Group sessions for persons not being at risk of frailty and individual educational sessions by a geriatrician for persons being at risk of 
frailty
j – Single home visit by health professional
k – Multiple home visits by a nurse
l – Multiple home visits by a nurse + alert button
m – Supplementation with Atamestane + DHEA
n – Supplementation with DHEA
o – Supplementation with Atamestane
* In one study only follow up data was provided.
** Post intervention data is missing, only follow up results were provided.
CI: Confidence interval; ITT: intention-to-treat
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect. 
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the 
estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change 
the estimate.
Very low quality: We are very uncertain about the effect estimate. The true effect is likely to be substantially different from the estimate of 
effect.
2. Economic component  
Effectiveness of the interventions to prevent progression of pre-frailty and frailty in older adults
No of Participants
(studies)
Post-intervention 
Quality of the evidence
(GRADE)
Relative effect Anticipated absolute effects
Risk with 
control 
intervention
Risk difference with 
interventions of 
interest (95% CI)
Mortality 1338
(1 study)a
Non-clear
MODERATE
- due to quality flow (no 
participant blinding) 
Not estimable Not estimable RR = 1.02 (0.81 to 1.28) 
for inpatients
RR = 1.07 (0.86 to 1.35) 
for outpatients
Quality of life 1579
(2 studies)
12 months to non-
clear
LOW
- due to quality flow (no 
participant blinding) and 
inconsistency (different 
endpoints, different populations)
Not estimable Not estimable Not estimable
Quality Adjusted Life 
Years
241
(1 study)b MODERATE
Not estimable Not estimable Not estimable
Population: frail older adults
Setting: primary care and hospital care
Interventions: individually tailored management of frailty condition
Comparison: usual care
Bibliography: Apóstolo J, Cooke R, Bobrowicz-Campos E, Santana S, Marcucci M, Cano A, et al. Effectiveness of interventions to 
prevent pre-frailty and frailty progression in older adults: a systematic review. JBI Database System Rev Implement Rep 2018; 
16(1):140–232.
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12 months - due to quality flow (no 
participant blinding)
Health care resource 
utilization
1338
(1 study)a
Non-clear
LOW
- due to quality flow (no 
participant blinding, incomplete 
reporting of results)
Not estimable Not estimable Not estimable
Costs of care 1579
(2 studies)
12 months to non-
clear
LOW
- due to quality flow (no 
participant blinding) and 
inconsistency (different 
populations)
Not estimable Not estimable Not estimable
a – Individually tailored management of frailty condition provided to inpatients and outpatients
b – Individually tailored management of frailty condition provided to older adults from community
CI: Confidence interval; RR: relative risk
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect. 
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the effect estimate. The true effect is likely to be substantially different from the estimate of effect.
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect. 
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the effect estimate. The true effect is likely to be substantially different from the estimate of effect.
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F railty is an age-related state of decreased physi-ological reserves characterized by a weakened
response to stressors and an increased risk of poor
clinical outcome.1 Frailty predisposes falls and frac-
tures, disability, dependency, hospitalization and
institutional placement, and ultimately leads to
death.2 It can be preceded by, but also occurs in
the absence of, chronic disease.3,4 According to some
authors, this clinical condition results from decrease
in reserves across multiple physiological systems that
are normally responsible for healthy adaptation to
stress.2,5,6 Alternatively, it is considered that frailty is
due to critical accumulation of dysregulation in
important signaling pathways and subsequent deple-
tion of homeostatic reserve and resilience.2,7,8 Other
authors describe this state of increased vulnerability
as being associated with the reduced capacity to
compensate ageing-related molecular and cellularJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWdamage.9 Independently of pathophysiological
conceptualization, it is assumed that frailty is a
dynamic process that leads to a spiral of decline in
various functional domains and that exacerbates risk
of geriatric syndromes.2,3,10
The phenotypic markers of frailty, operational-
ized based on data from the Cardiovascular Health
Study (CHS),6 include global weakness with low
muscle strength (e.g. poor grip strength), overall
slowness (particularly of gait), decreased balance
and mobility, fatigability or exhaustion, low physi-
cal activity and involuntary weight loss.2,3,6 For
diagnostic purposes, at least three of these compo-
nents must be observed.6 The presence of only one or
two of them is considered an indicator of the state of
pre-frailty. In a broader approach, it is assumed that
frailty can also manifest through cognitive
impairment,11-15 although, according to evidence,
the decline in cognition is very selective, beingCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 149
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ency and processing speed. It is also well docu-
mented that frail elders manifest some impairment
in activities of daily living and report significant
reduction of quality of life.11,16 Furthermore, recent
studies have shown that frailty may be related to
mood change,15,17 or to social factors such as social
support or living alone,11 although the nature of this
association, as well as its relevance to the frailty
construct, needs to be clarified.16 Based on the
comprehensive approach to frailty, several screening
and diagnostic instruments have been developed.
One of these instruments is the Frailty Index,
elaborated within the framework of the Canadian
Study of Health and Aging (CSHA).4 This instru-
ment defines frailty in terms of a multidimensional
risk state that arises from the interaction of multi-
ple interdependent factors linked to the physical,
psychological and social domains of individual
functioning, and measures the number of deficits
of the person. Presently, several variants of this
tool are available in clinical practice.18 The definition
of frailty in terms of cumulative deficits is also
presented in the Edmonton Frail Scale19 and The
Tilburg Frailty Indicator.20 There are also studies that
operationalize frailty as a limited set of indicators,
such as impairment in activities of daily living
(ADLs),21 low physical activity,22 low mobility with
poor nutrition23 or others, using for assessment pur-
poses indicator-related scales, measurements or
indexes.
Regarding the prevalence of frailty, systematic
comparison of numerous studies24 shows that frailty
in community dwelling adults aged 65 and over
varies from 4% to 17%. In case of pre-frailty, the
frequency varies between 19% and 53% in different
studies.24 These differences between estimates
depend on the operational definition of frailty (based
on physical markers or using a broader multidimen-
sional approach) and the population studied (e.g. the
results of epidemiological studies can be affected by
demographic variables, such as age and gender, as
well as the presence of chronic disease or other
comorbid conditions).
Because of the frequency of its occurrence and the
weight of its consequences, frailty is seen as a threat-
ening condition for older adults, requiring attention
from healthcare professionals, social care practi-
tioners, researchers and policy-makers.10,24 TheJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWimplications of the involvement of these agents
can be observed at various levels, with issues related
to improving prognosis and preventing deterioration
from a pre-frail to frail status of greatest interest and
relevance. In relation to interventions, attempts to
manage adverse consequences of frailty are often
focused on minimization of risk of disability and
dependency or the treatment of underlying condi-
tions and symptoms. In a complementary approach,
frailty management involves the development of
coping strategies, necessary to control potential
stress factors or diminish the extent of their
impact.25 So far, various types of interventions have
been proposed, among them, physical activity, psy-
chosocial intervention, health and social care provi-
sion, cognitive stimulation, nutrition, medication/
medical maintenance adherence focused interven-
tion, intervention based on information and com-
munication technologies, and multifactorial
intervention. The results of studies conducted in this
area have indicated that treating frailty in older
adults is a realistic therapeutic goal.26-29 However,
it is still difficult to determine how effective these
types of interventions are and how efficiency can be
influenced by other factors, for example, severity of
clinical condition, and importantly, which types of
interventions are more likely to be effective. It is
also unclear whether the interventions for frailty
have an impact on clinical outcomes related to drug
prescription and analytical parameters (such as
results of laboratory analyses, blood tests,
etc.).30,31 The focus of attention should also be
on economic data, namely, the costs relative to
benefits and/or savings associated with implement-
ing interventions for pre-frailty and frailty,32 thus
informing clinical decision makers on the likeli-
hood of cost effectiveness.
A preliminary search33 of the JBI Database of
Systematic Reviews and Implementation Reports,
the Cochrane Database of Systematic Reviews,
PROSPERO, CINAHL and MEDLINE, performed
during the development of the protocol,34 revealed
that there were systematic reviews reporting evi-
dence on the effectiveness of intervention programs
in frail older adults.35-38 However, to the best of our
knowledge, these reviews have focused only on
physical exercise programs and have identified as
outcomes of interest physical frailty and/or func-
tional capacity or mobility, without addressingCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 150
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vidual functioning. Additionally, not all of these
reviews provided the indication of a clear operational
definition or measurement of frailty as a criterion for
inclusion, and two of them35,38 were published before
2010. Neither have these reviews provided evidence
on the economic effectiveness of the physical exercise-
based treatment. Moreover, there is currently no
systematic review (neither published nor in progress)
on the clinical/medical and economic effectiveness of
other types of interventions to prevent or reduce
frailty in advanced age. In our opinion, presenting
the full spectrum of different types of interventions
available in clinical practice could be extremely useful
to practitioners for choosing the treatment type.
Therefore, it was considered necessary to examine
the effectiveness of the interventions to prevent pro-
gression of pre-frailty and frailty in older adults,
which involves a critical analysis based on scientific
evidence. This review was conducted according to an
a priori published protocol.34Review question
The objective of this review was to identify the
effectiveness of interventions to prevent progression
of pre-frailty and frailty in older adults. More spe-
cifically, the review questions were:
JBIWhat is the effectiveness of interventions in pre-
venting or reducing frailty in older adults? How does effectiveness vary with degree of
frailty? Are there factors that moderate the effectiveness
of interventions? What is the economic evidence of interventions
for pre-frailty and frailty?Inclusion criteria
Participants
This review considered studies that included older
adults (female and male) aged 65 years and over,
explicitly identified as pre-frail or frail by research-
ers or associated medical professionals according to
a pre-specified scale or index, and who received
health care and support services in any type of
setting (primary care network, nursing homes, hos-
pitals). This review excluded studies that included
participants selected because of one specific illness
or that only considered patients with a terminal
diagnosis.Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWInterventions
The clinical/medical component of the review con-
sidered studies that evaluated any type of interven-
tions to prevent progression of pre-frailty and frailty
in older adults. These interventions included, but
were not limited to, physical activity, multifactorial
intervention, psychosocial intervention, health and
social care provision, cognitive, nutrition or medi-
cation/medical maintenance adherence focused
interventions.
The economic component of the review consid-
ered studies that performed any type of health
economic analysis of interventions to prevent pro-
gression of pre-frailty and frailty in older adults.
Comparator
The effectiveness of interventions of interest was
compared with usual care, alternative therapeutic
interventions or no intervention.
Outcomes
The primary outcome of interest was frailty indi-
cated by any validated scale or measurement or
index (e.g. Frailty Index, Fried’s frailty criteria
based on phenotype model or Edmonton Frailty
Scale). We also considered outcomes of frailty
assessed by a limited set of indicators, since its
operational definition was clearly stated by
the authors.
Secondary outcomes included degree of change
or no change, indicated by any validated scale or
measurement or index, in domains of cognition
(e.g. assessed by Mini-Mental State Examination),
quality of life (e.g. assessed by EuroQol Group 5-
Dimension Self-Report Questionnaire), quality-
adjusted life year (QALY) (assessed by comparing
length of life with commonly used indicators of
quality of life), ADL (assessed by Barthel Index,
Katz ADL Index or other), caregiver burden (e.g.
Caregiver Burden Inventory), functional capacity
(e.g. Physical Activity Scale for Elderly), depres-
sion and other mental health-related outcomes
(e.g. Geriatric Depression Scale), self-perceived
health (e.g. Self-Rated Health), and social engage-
ment (e.g. Scale of Gijo´n). Secondary outcomes
also included change or no change in analytical
parameters (e.g. measured by clinical tests), drugs
and prescriptions (e.g. indicated by medical
records), and prevalence of adverse outcomes, such
as falls and fractures, mortality, hospitalization,COPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 151
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by medical records or self-reported).
In addition, costs and/or costs relative to bene-
fits and/or savings associated with implementing
the interventions for pre-frailty and frailty were
considered.
Types of studies
The clinical/medical component of this review con-
sidered for inclusion any experimental study designs
that were related to the effectiveness of interventions
for pre-frailty and frailty, including randomized
controlled trials (RCTs), non-randomized trials
and quasi-experimental studies. In the case of
absence of RCTs, non-randomized trials and
quasi-experimental studies, other research designs
of quantitative nature, such as cohort studies, were
considered for inclusion.
The economic component of this review consid-
ered the inclusion of cost effectiveness, cost benefit,
cost minimization or cost utility studies. Any quan-
titative study measuring clinical effectiveness that
incorporated economic data was considered. Studies
where the effectiveness of the intervention on frailty
levels was not measured were excluded.
Methods
Search strategy
The search strategy aimed to find both published
and unpublished studies. A three-step search strat-
egy was utilized in this review. An initial limited
search of MEDLINE via EBSCOhost Web and
CINAHL was undertaken followed by analysis of
the text words contained in the title and abstract,
and of the index terms used to describe the article. A
second search using all identified keywords and
index terms was then undertaken across all included
databases. Thirdly, the reference lists of all identi-
fied reports and articles were searched for additional
studies. Studies published in English, Portuguese,
Spanish, Italian and Dutch, from January 2001 to
November 25, 2015, were considered for inclusion
in this review. The initial timeframe from 2001 was
chosen because it is the year of publication of
Fried’s8 paper that is seen as seminal for research
on frailty condition.
The search for published studies included the
following electronic databases: CINAHL, MED-
LINE, Scopus, Embase, Cochrane Central Register
of Controlled Trials and SciELO.JBI Database of Systematic Reviews and Implementation Reports
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included: ProQuest Theses and Dissertations, Open-
Grey, Banco de teses da CAPES (www.capes.gov.br)
and Dissertation Abstracts Online (e-Thos).
The initial keywords used in the exploratory
stage of the search for studies in electronic data-
bases were: frailty, elder, old, intervention. To
capture all available evidence, in the stage of sec-
ond search additional keywords, considering vari-
ous terminology and spelling, were used. These
final keywords were: frail, pre-frail, elder,
old, intervention, therap, treatment, program,
effect, efficacy. A detailed record of the search strat-
egies used in the included databases can be found in
Appendix I.
Assessment of methodological quality
Reviewers, in pairs, independently screened titles
and abstracts prior to retrieving full texts. The full-
texts were assessed for eligibility in respect of type
of participants, study design and outcomes. At
completion of the search process, each paper
selected for retrieval was assessed independently
by two reviewers for methodological validity prior
to inclusion in this systematic review, as originally
outlined in the review protocol.34 Any disagree-
ments that arose between the reviewers were
resolved through discussion, or with other
reviewers. All authors contributed to paper assess-
ments and critical appraisal.
For the purpose of critical appraisal of the
studies focusing on the clinical/medical compo-
nent of this review, the standardized instruments
from the Joanna Briggs Institute System for the
Unified Management, Assessment and Review of
Information (JBI SUMARI) were used.33 These
instruments included the JBI Critical Appraisal
Checklist for Randomized Control/Pseudo-ran-
domized Trial, the JBI Critical Appraisal Check-
list for Comparable Cohort/Case Control and the
JBI Critical Appraisal Checklist for Descriptive/
Case Series, and were chosen accordingly to the
study design.
For the purpose of critical appraisal of the studies
focusing on the economic component of this review,
the standardized instrument from the Joanna Briggs
Institute Analysis of Cost, Technology and Utiliza-
tion Assessment and Review Instrument (JBI
ACTUARI) was used,39 namely, the JBI Critical
Checklist for Economic Evaluations.COPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 152
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cut-off point for inclusion of studies focusing on the
clinical/medical component was applied. Experi-
mental studies were considered as meeting a mini-
mum of quality when they obtained at least five
‘‘Yes’’ ratings on the JBI Critical Appraisal Check-
list for Randomized Control/ Pseudo-randomized
Trial, the JBI Critical Appraisal Checklist for Com-
parable Cohort/Case Control or the JBI Critical
Appraisal Checklist for Descriptive/Case Series.
In relation to studies that focused on the economic
component of this review, it was decided to include
only those in which the effect on clinical outcomes
of the intervention was reported with sufficient
methodological quality. Simultaneously, the antic-
ipation of the reduced number of such studies
resulted in the decision not to apply any additional
cut-off point for the JBI Critical Appraisal Checklist
for Economic Evaluations, and to analyze the impli-
cations of the possible methodological weaknesses
related to the economic component in the
discussion section.
Data extraction
Data from studies focusing on the clinical/medical
component of this review were extracted using the
standardized data extraction tool from JBI
SUMARI.33 For data extraction from the studies
focusing on the economic component of this review,
the standardized data extraction tool from JBI
ACTUARI39 was applied. In both cases the data
extraction process was conducted by two indepen-
dent reviewers. Disagreements were resolved by
discussion to reach consensus.
The extracted data included specific details about
the interventions, populations, study methods and
outcomes of significance to the review questions and
specific objectives. In case of missing or unclear
information, the authors of the included studies
were contacted.
Data synthesis
Differences in populations, interventions, compara-
tors and outcomes of the included studies focusing
on the clinical/medical component of this review did
not allow for direct comparison, and therefore meta-
analysis was not possible. Consequently, the results
of these studies were synthesized in narrative and
tabular form.JBI Database of Systematic Reviews and Implementation Reports
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also observed in the studies focusing on the economic
component of this review. Due to this variability, it
was not possible to combine the economic results in
statistical meta-analysis. Results, therefore, have
been presented in narrative and tabular form.
Deviation from the protocol
The secondary outcomes indicated in the protocol of
this systematic review34 included the outcome of
depression, however in the final report other mental
health-related outcomes were additionally consid-
ered. This deviation is due to the fact that in some
cases the depressive symptomatology was evaluated
together with symptoms of anxiety or others.
Results
Study selection
The results of the search and study selection process
are presented in Figure 1. A total of 4726 potentially
relevant studies were identified in the literature
search. Of those, 2227 were duplicates. From the
remaining 2499 records, 2121 were excluded after
title and abstract assessment, and then 346 were
excluded after full-text analysis as they did not meet
the inclusion criteria. The methodological quality of
the remaining 32 studies was assessed. From those
32 studies, one was a pseudo-randomized control
trial with two groups, two were before and after
studies, two were pseudo-randomized control trials
with one group, and 27 were RCTs. Four of those 32
studies (three RCTs and the pseudo-randomized
control trial with two groups) provided data related
to both clinical/medical and economic components
of the interventions. The assessment of methodolog-
ical quality focused on the clinical/medical compo-
nent resulted in the exclusion of 11 studies and
inclusion of 21 studies. The reasons for study exclu-
sion are detailed in Appendix II.
All 21 studies21-23,29,32,40-55 included in this
review were RCTs. They described a total of 33
interventions. Two of the included RCTs32,44 addi-
tionally provided economic data. In one of these
studies32 the costs and cost-effectiveness of a multi-
disciplinary intervention versus usual care were com-
pared. The second study44 analyzed the costs of
health services providing geriatric assessment and
management with comparison to usual inpatient and
outpatient care.COPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 153
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Figure 1: Flowchart of the study selection and inclusion process
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The reviewers, in teams of two, independently
assessed the methodological quality of 32 studies.
The authors of 23 studies were contacted to obtain
more details in relation to missing or unclear data.
Eleven authors replied. Based on the authors’
answers, eight studies were included for further
analysis and three studies were excluded as they
did not obtain the minimum of five ‘‘yes’’ answers
in the critical appraisal checklist. Besides these three
studies, eight other failed to reach the cut-off point
for inclusion. Appendix II lists the studies that were
excluded based on critical appraisal and indicates theJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWreasons for the exclusion. Tables 1 and 2 outline the
critical appraisal scores for the included studies.
On clinical/medical components, there was consen-
sus among the reviewers to include 21 studies,21-23,
29,32,40-55 all of them RCTs. None of these studies
obtained 10 ‘‘yes’’ answers in the critical appraisal
checklist, and the highest score of nine ‘‘yes’’ answers
was obtained by only three studies22,44,52 (see Table 1).
The methodological weakness most frequently
identified was related to use of participant blinding
procedures with regards to treatment assignment,
namely, in eight studies21,29,32,42-45,49, the participants
were not blind to treatment allocation (Q2), and in 10COPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 154
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about participant blinding was unclear. Due to the
nature of the interventions, the practical difficulties
of the blinding process were recognized. In relation
to persons assessing outcomes, lack of their blinding
with regard to treatment assignment (Q5) was pointed
out in four studies,22,29,43,46 and in one study,41 infor-
mation provided about this issue was unclear. In three
studies21,29,45 the allocation to treatment groups was
not concealed from the allocator (Q3). There were also
three studies46,50,55 in which the information about
allocation concealment procedure was insufficiently
detailed. The lack of detailed description of randomi-
zation procedure (Q1) was detected in six stud-
ies.21,29,40,46,47,50 The authors of one study41 wereTable 1: Assessment of methodological quality of cl
Study Q1 Q2 Q3
Behm, et al., 201540 U U Y
Bonnefoy, et al., 201222 Y Y Y
Cadore et al., 201441 Y U Y
Chan et al., 201242 Y N Y
Clegg, et al., 201443 Y N Y
Cohen, et al., 200244 Y N Y
Eklund, et al., 201329 U N N
Fairhall, et al., 201532 Y N Y
Favela, et al., 201345 Y N N
Gine´-Garriga, et al., 201046 U U U
Gustafsson, et al., 201247 U U Y
Hars et al., 201448 Y U Y
Kim et al., 201549 Y N Y
Kim & Lee, 201323 Y U Y
Li et al., 201050 U U U
Monteserin et al., 201051 Y Y Y
Muller et al., 200652 Y Y Y
Ng, et al., 201553 Y U Y
Van Hout et al., 2010 54 Y U Y
Vriendt et al., 201621 U N N
Wolf et al., 200355 Y U U
% 71 14 71
N, no; U, unclear; Y, yes.
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of people who withdrew (Q4), and in three stud-
ies21,48,55 the analysis of drop-outs was not conducted.
In four studies42,48,51,54 the control and treatment
groups were not comparable at entry and the baseline
differences were not considered in statistical analysis
(Q6). Non-identical group treatment other than the
intervention of interest (Q7) was observed in two
studies41,55; from the remaining 19 studies, ten23,40,
42,47-51,53,54 didnotprovideaclear statementabout this
issue. In all studies the outcomes were measured in the
same way for all groups (Q8) and appropriate
statistical analyses were used (Q10). In relation
to the reliability of outcome measurement (Q9),
in 11 studies23,29,32,40-42,45,48-50,54 unclear orinical/medical component of included studies
Q4 Q5 Q6 Q7 Q8 Q9 Q10
Y Y Y U Y U Y
Y N Y Y Y Y Y
U U Y N Y U Y
Y Y N U Y U Y
Y N Y Y Y Y Y
Y Y Y Y Y Y Y
Y N Y Y Y U Y
Y Y Y Y Y U Y
Y Y Y Y Y U Y
Y N Y Y Y Y Y
Y Y Y U Y Y Y
N Y N U Y U Y
Y Y Y U Y U Y
Y Y Y U Y U Y
Y Y Y U Y U Y
Y Y N U Y N Y
Y Y Y Y Y N Y
Y Y Y U Y Y Y
Y Y N U Y U Y
N Y Y Y Y Y Y
N Y Y N Y Y Y
81 76 81 43 100 38 100
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provided, and in two studies51,52 the measures
used for the outcomes assessment were not cul-
turally adapted or validated (information pro-
vided by the authors of these studies).
In relation to the two included studies with an
economic component, both32,44 clearly stated the
objective of the study and were placed in a particular
decision making context (Q1). Both32,44 also
reported solid evidence showing that the clinical
effectiveness of the examined intervention had been
established (Q4). Detailed description of the inter-
vention and comparator (Q2), measures used for
costs and outcomes (Q5), and sufficient explanation
about how costs and outcomes were valued (Q6)
were provided in only one study.32 The second of the
included economic studies44 was unclear in relation
to these three questions. Relevant costs and out-
comes for each examined intervention, defined
accordingly to the objective of the study (Q3), were
identified in the study examining the multidisciplin-
ary intervention,32 but not in the study focusing on
treatment based on geriatric assessment and man-
agement.44 Additionally, there was no incremental
analysis conducted of costs and consequences in this
second study (Q8).44 Neither of these studies32,44
conducted sensitivity analysis to establish validity of
economic results (Q9) or presented sufficient infor-
mation to answer the questions that users/decision
makers would want to know when making decisions
about the implementation of the examined interven-
tion (Q10). In addition, a clear report about the
adjustment of costs and outcomes for differential
timing was not provided in either study (Q7). In
relation to the generalizability of the results to other
settings with similar characteristics, the study ana-
lyzing the multidisciplinary intervention32 was
unclear about this issue, and in the study examining
the costs of geriatric assessment and management,44
transferability of findings was not discussed.Table 2: Assessment of methodological quality of e
Study Q1 Q2 Q3 Q4
Cohen, et al., 200244 Y U N Y
Fairhall, et al., 201532 Y Y Y Y
% 100 50 50 100
N, no; U, unclear; Y, yes.
JBI Database of Systematic Reviews and Implementation Reports
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Date of publication of the included studies ranged
from 2002 to 2016 (with the study from 2016 avail-
able online in November 2015) and all were published
in English. In the sections below the main features of
the included studies are summarized. Detailed infor-
mationabout the setting, methods, participants, inter-
ventions, outcomes, authors’ conclusions and
limitations are provided in Appendix III.
Study settings
Summary information on the setting and geographical
location of the included studies is presented in Table 3.
Twelve of included studies were undertaken in Europe
(three in Sweden,29,40,47 three in Spain,41,46,51 two in
the Netherlands,52,54 one in Belgium,21 one in
Switzerland,48 one in the United Kingdom43 and
one in France22). From the remaining nine studies,
five were undertaken in Asia (Taiwan,42,50
Singapore,53 Japan49 and South Korea23), two in the
United States of America,44,55 one in Mexico45 and
one in Australia.32 Participants were recruited from
the community,21,40,42,47,48,50,52,53 through primary
health care centers,46,51,54 medical inpatient and/or
outpatient clinicsor centers,43-45 anemergencydepart-
ment,29 a long-term care institution,41 rehabilitation
facilities,32 an association involved in home assistance
for the elderly,22 social security lists,45 national regis-
ters,23,49 and localadvertisements.55 The interventions
described in the included studies were undertaken in
the community,21-23,32,40,43,45-48,52-55 primary care
centers,51 medical centers,44 community hospi-
tals,42,50 an institute of gerontology,49 the community
and hospital,29 and elderly care institutions.41
In relations to studies reporting economic evi-
dence, one32 was conducted in Australia and included
participants who sought care at the emergencydepart-
ment and were discharged to their own home. The
other study44 was conducted in the United States of
America and was set in Veterans Affairs Medicalconomic component of included studies
Q5 Q6 Q7 Q8 Q9 Q10 Q11
U U U N N N N
Y Y U Y N N U
50 50 0 50 0 0 0
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Table 3: Setting, geographical location and characteristics of participants of included studies
Study
Geographical location
and setting Sample Inclusion and exclusion criteria
Behm, et al.,
201540
Gustafsson, et al.,
201247
Two urban districts in
Gothenburg, Sweden
Community
N¼459 (64% female)
Median age: 85–86
years
Range of age: 80–97
years
Inclusion: community dwelling older adults aged 80 years
or more, living in their ordinary housing, not dependent
on the home help service or care arranged by the urban
districts, independent in ADLs and cognitively intact
(MMSE score 25)
Exclusion: no exclusion criteria were provided
Bonnefoy, et al.,
201222
France Community N¼102 (86% female)
Median age: 84 years
Range of age: not pro-
vided
Inclusion: community dwelling older adults aged 80 years
or more, able to walk without assistance at home, received
assistance from a housing association for not more than
two hours per week, being at risk of becoming frail
Exclusion: a cardiovascular event within last 3 months,
history of bone fractures, hospitalization, uncontrolled
hypertension, dementia or a rapidly evolving disease
Cadore et al.,
201441
Pamplona, Spain
Elderly care institutions
N¼24 (70% female)
Mean age: 91.9 (
4.1) years
Range of age: not pro-
vided
Inclusion: institutionalized older adults aged 85 years or
more, that met Fried’s criteria for frailty
Exclusion: absence of frailty or pre-frailty, dementia,
disability (defined as a Barthel Index < 60 and inability
to walk independently without help of another person),
recent cardiac arrest, unstable coronary syndrome, active
cardiac failure, cardiac block, or any unstable medical
condition
Chan et al.,
201242
Toufen, Taiwan Com-
munity hospital
N¼117 (59% female)
Mean age: 71.4 (
3.7) years
Range of age: 65–79
Inclusion: community dwelling older adults aged 65 years
or more and with frailty (CCSHA-CFS-TV score > 2 and
<7)
Exclusion: institutionalization; communication barriers;
hearing/visual impairments affecting daily activity; cognitive
impairment (MMSE score  16); functional impairment
(Barthel Index  35); active alcohol-abuse problems,
organic mental disorders; history of schizophrenia or a
diagnosis of a bipolar disorder; any mental problems (other
than depression) under psychiatric care; active suicidal
ideation; absence of Fried’s criteria for frailty
Clegg, et al.,
201443
Bradford, United King-
dom Community
N¼84 (71% female)
Mean age: 79 ( 9.2)
years
Range of age: not pro-
vided
Inclusion: older adults living at home and under the care
of a case manager or community matron; housebound;
attending a day center or respite care; residing in assisted
living sites; being at discharge from intermediate care
hospitals
Exclusion: being unable to stand and walk independently;
currently participating in an alternative exercise
program; being registered blind; having poorly
controlled angina; having another household member
already in the trial; having severe dementia or
receiving palliative care
Cohen, et al.,
200244
age:United States of
America
Veterans Affairs Medi-
cal Centers
N¼1338 (2% female)
Mean age: 74.2 years
(SD not provided)
Range of age: not pro-
vided
Inclusion: older adults aged 65 years or more, hospitalized
on a medical or surgical ward, with an expected length of
stay of at least two days, considered as being frail and
with stable clinical condition
Exclusion: conditions of admission from nursing home,
receiving care at an outpatient clinic for GEM, previous
hospitalization in an inpatient unit for GEM, current
enrollment in another clinical trial, severe disabling
disease or terminal condition or severe dementia, not
English language speaking, lack of access to a telephone
(for follow-up), or being unwilling or unable to return for
follow-up clinic visits
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Table 3. (Continued)
Study
Geographical location
and setting Sample Inclusion and exclusion criteria
Eklund, et al.,
201329
Mo¨lndal, Sweden
Sahlgrenska University
Hospital and
community
N¼161 (55% female)
Mean age: not pro-
vided
Range of age: not
provided
Inclusion: older adults who sought care at the emergency
department and who were discharged to their own homes,
aged 80 years and older or 65 to 79 years, with at least
one chronic disease and dependent in at least one ADL
Exclusion: acute severe illness with immediate need of
assessment and treatment by a physician (within ten
minutes), dementia (or severe cognitive impairment, clini-
cally assessed by the nurse with geriatric competence at
the emergency department), and palliative care
Fairhall, et al.,
201532
Australia
Community
N¼241 (68% female)
Mean age: calculated
separately for each
group varied from
83.2 ( 5.91) to 83.4
( 5.81) years
Range of age: 71–101
years
Inclusion: community dwelling older adults aged 70 years
or more, meeting the CHS criteria for frailty, with a life
expectancy exceeding 12 months (estimated by Implicit
Illness Severity Scale score of 3 or less)
Exclusion: residing in a residential aged care facility,
having severe cognitive impairment (MMSE score  18)
Favela, et al.,
201345
Ensenada, Baja Califor-
nia, Mexico Commu-
nity
N¼133 (55% female)
Average: 75–76 years
Range of age: 70–90
years
Inclusion: older adults aged 60 years or more with frailty
as indicated by Frailty Index score
Exclusion: no exclusion criteria were provided
Gine´-Garriga,
et al., 201046
Barcelona area, Spain
Community
N¼51 (61% female)
Mean age: 84 ( 2.9)
years
Range of age: not pro-
vided
Inclusion: older adults aged 80–90 years that meet criteria
for frailty
Exclusion: conditions of being unable to walk, undergoing
an exercise program, a diagnosis of severe dementia (not
able to understand or follow verbal commands), or having
a stroke, hip fracture, myocardial infarction or hip- or
knee- replacement surgery within the previous 6 months
Hars et al., 201448 Geneva, Switzerland
Community
N¼52 (98% female)
Mean age: 74.6 ( 7.8
years)
Range of age: not pro-
vided
Inclusion: community dwelling older adults aged 65 years
or more, at increased risk of falling (indicated by self-
reported falls, balance assessment and frailty phenotype)
Exclusion: past experience of Jaques-Dalcroze eurhyth-
mics, except during childhood; self-report of major
orthopedic surgery or limb fracture less than 4 months
prior to enrollment into the extension study
Kim, et al., 201549 Itabashi ward of Tokyo,
Japan
Tokyo Metropolitan
Institute of Gerontology
N¼131 (100%
female)
Mean age: calculated
separately for each
group varied from
80.3 ( 3.3) to 81.1
( 2.8) years
Range of age: not pro-
vided
Inclusion: community dwelling women aged over 75
years, meeting criteria for frailty according to Fried
definition
Exclusion: severe knee or back pain; severely impaired
mobility; impaired cognition (MMSE score < 24); missing
baseline data; and unstable cardiac conditions such as
ventricular dysrhythmias, pulmonary edema, or other
musculoskeletal conditions
Kim & Lee,
201323
Gangbuk-gu, Seoul,
South Korea
Community
N¼87 (79% female)
Mean age calculated
separately for each
group varied from
78.4 (6.0) to 78.9
(5.5) years
Range of age: not pro-
vided
Inclusion: older adults aged 65 years or more, frail, able
to walk inside a room and with low socioeconomic status
Exclusion: conditions of participation in any exercise
program or clinical nutrition program, being ordered to
restrict a high protein diet, and being unable to walk or
functionally deteriorated
Li, et al., 201050 Taipei, Taiwan Com-
munity Hospital
N¼310 (48% female)
Mean age: 78.8 (
8.4) years
Range of age: 65–106
years
Inclusion: older adults aged 65 or more, categorized as
frail or pre-frail according to Fried Frailty Criteria
Exclusion: conditions such as being bedridden, receiving
home care by visiting nurses, less than 6 months’ life
expectancy (such as terminal cancer patients), and diffi-
culty in verbal communication (such as severe cognitive
or hearing impairments)
SYSTEMATIC REVIEW J. Apo´stolo et al.
JBI Database of Systematic Reviews and Implementation Reports COPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 158
WOLTERS KLUWER HEALTH, INC. ON BEHALF OF THE JOANNA BRIGGS INSTITUTE.
Table 3. (Continued)
Study
Geographical location
and setting Sample Inclusion and exclusion criteria
Monteserin et al.,
201051
Barcelona, Spain
Primary Health Care
Center
N¼620 (60% female)
Mean age: 79.9 years
(SD not provided)
Range of age: 75–94
Inclusion: older adults aged 75 years or more
Exclusion: concurrent inclusion in another study, diagno-
sis of a terminal disease, institutionalization, severe cogni-
tive impairment, difficulties in accessing the primary
health care center and inability or unwillingness to give
informed consent
Muller et al.,
200652
Rotterdam area, the
Netherlands
Community
N¼100 (0% female)
Mean age: calculated
separately for each
group varied from
78.2 ( 3.0) to 78.8
( 3.5)
Range of age: not pro-
vided
Inclusion: no hospitalized, no diseased, independently
living men aged 70 years or more, with low scores on
strength tests (isometric grip strength < 30 kg, leg exten-
sor power < 100 Nm)
Exclusion: severe arthropathic deformation of the knee
joint; myocardial infarction within the last 6 months;
history of stroke or transient ischemic attacks; high
systolic/diastolic blood pressure; any active malignant
disease with significant impact on the physical condition;
history of prostatic cancer; diabetes mellitus treated with
insulin; abnormal liver function with clinical significance;
history of alcohol or drug abuse within the last 2 years;
and/or participation in another clinical study
Ng, et al., 201553 Southwest region of
Singapore Community
N¼246 (61% female)
Mean age: 70 ( 4.7)
years
Range of age: not pro-
vided
Inclusion: community dwelling older adults aged 65 years
or more, meeting CHS criteria for frailty or pre-frailty,
able to ambulate without personal assistance, and living
at home
Exclusion: significant cognitive impairment (MMSE score
 23); major depression; severe audiovisual impairment;
any progressive, degenerative neurologic disease; terminal
illness with life expectancy <12 months; participation in
other interventional studies; or being unavailable to
participate for the full duration of the study
Van Hout et al.,
201054
The Netherlands
Community
N¼651 (71% female)
Mean age: calculated
separately for each
group varied from
81.3 ( 3.9) to 81.5
( 4.3) years
Range of age: not pro-
vided
Inclusion: community dwelling older adults aged 75 years
or more, lived at home and frail (based on COOP-
WONCA charts)
Exclusion: terminal illness (as determined by primary care
physicians); dementia (self-report of memory deteriora-
tion, MMSE < 24 or 7-min screen > 50%); living in
residential homes; participating in other research projects
Vriendt et al.,
201621
East-Flanders, a prov-
ince in Flanders region,
the Dutch speaking part
of Belgium Community
N¼168 (80% female)
Mean age: calculated
separately for each
group varied from
79.9 ( 6.3) to 80.9
( 7.3) years
Range of age: not pro-
vided
Inclusion: community dwelling older adults aged 65 years
or more, single, receiving healthcare support, Dutch
speaking and having one or more functional problems in
basic ADL, operationalized by the BEL-profile scale
Exclusion: incontinence as the sole basic ADL problem,
suffering dementia (based on the diagnosis of a physician)
and already receiving community based occupational
therapy prior to this study
Wolf et al., 200355 Atlanta, United States
of America Community
N¼200 (81% female)
Mean age: calculated
separately for each
group varied from
75.4 ( 4.1) to 76.9
( 4.8) years
Range of age: not pro-
vided
Inclusion: community dwelling older adults aged 70 years
or more, living in unsupervised environments and being
ambulatory
Exclusion: the presence of debilitating conditions such as
severe cognitive impairments, metastatic cancer, crippling
arthritis, Parkinson’s disease or major stroke, or profound
visual deficits that could compromise balance or ambula-
tion
One participant was 78 years old.
ADL, activities of daily living; CCSHA-CFS-TV, Chinese Canadian Study of Health and Ageing – Clinical Frailty Scale (telephone version); CHS, Cardiovascular Health
Study; GEM, geriatric evaluation and manage:ment; MMSE, Mini-Mental State Examination.
SYSTEMATIC REVIEW J. Apo´stolo et al.
JBI Database of Systematic Reviews and Implementation Reports COPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 159
WOLTERS KLUWER HEALTH, INC. ON BEHALF OF THE JOANNA BRIGGS INSTITUTE.
SYSTEMATIC REVIEW J. Apo´stolo et al.Centers with established inpatients and outpatients
programs of evaluation and management.
Participants
The 21 studies analyzed in this review included a
total of 5275 older adults. The number of study
participants ranged from 24 (in the study comparing
a multicomponent exercise program with mobility
exercises)41 to 1338 (in the study comparing inpa-
tient care in the evaluation and management unit
with usual inpatient care, and outpatient care in the
evaluation and management clinics with usual out-
patient care).44 In two studies,40,47 the same sample
was considered.
The age range of studied samples was reported in
seven studies,32,40,42,45,47,50,51,55 and was 65 to 106
years. For the remaining 14 studies the verification of
the age-related criterion for inclusion (age of 65
years and over) defined by the authors of this review
was based on the analysis of inclusion criteria pro-
vided by the authors of primary studies. Sixteen
studies21,23,32,41-44,46,48-55 reported the mean age
of their samples; however in six of these stud-
ies21,23,32,49,52,54 only data calculated separately
for each group was provided. A mean age of total
samples varied from 70 ( 4.7)53 to 91.9 ( 4.1)41
years. From the remaining five studies, three22,40,47
provided median age that varied from 8422 to 85–
8640,47 years, one study indicated an average age of
75–76 years, and in one study29 the information
about mean, median or average age was missing.
One study45 considered older adults aged 60 years or
more as eligible for inclusion; however the age of the
included participants ranged from 70 to 90 years,
satisfying the inclusion criteria of this review.
Gender was reported in all studies. In a total
review sample of 5275 older adults, approximately
49% were women. One study used only male par-
ticipants52 and one study used only female partic-
ipants.49 Two studies44,50 included more men than
women. In one of these44 only two percent of par-
ticipants were female. In the second50 the proportion
of female and male participants was more balanced,
being 48:52. The remaining studies21-23,29,32,40-43,
45-48,51,53-55 included more women than men, with
the proportion of female participants ranging from
55%29,45 to 98%.48
In ten studies23,32,41,44-46,49,52,54,55 the condition
of being frail was mandatory for inclusion. Three
studies42,50,53 included both pre-frail and frail olderJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWadults, and one study22 only included older adults at
risk of frailty. In six studies29,40,43,47,51,55 the base-
line level of frailty was assessed but inclusion in the
study did not depend on the presence or absence of a
frailty condition. However, in one of these studies51
the condition of being at risk of frailty (or not)
influenced the treatment of participants who were
allocated to the intervention group. There was also
one study48 that included older adults at increased
risk of falling, with frailty considered as one of the
indicators of this risk. The characteristics of the
participants and criteria for inclusion and exclusion
used in the analyzed studies are described in Table 3.
The economic study examining the cost-effec-
tiveness of a multifactorial interdisciplinary inter-
vention with comparison to usual care32 was
conducted with 241 community dwelling older
adults, predominantly female (68%) and aged71
to 101 years. All the participants included in this
study met the criteria for frailty. The study that
analyzed the costs of health services providing geri-
atric assessment and management with comparison
to usual inpatient and outpatient care44 was deliv-
ered to 1338 older adults, predominantly male
(98%), with a mean age of 74.2 years, and who
were hospitalized on a medical or surgical ward. In
this study the condition of being frail was not
mandatory for inclusion.
Frailty definition
The included studies used different operational
definitions of frailty. The definition cited most
frequently, in nine studies,32,41,42,45,47-50,53 was
the one based on the CHS phenotypic indicators
of frailty, including weakness, fatigue/exhaustion,
weight loss, low physical activity and slowness.
One study additionally considered poor bal-
ance.47 Importantly, the operationalization of
frailty indicators differed from study to study.
For example, in five studies, weakness was mea-
sured using grip strength,32,42,45,47,49 and in one
study53 through knee extension in the dominant
leg. In the remaining three studies,41,48,50 detailed
information was not provided. The stratification
of weakness measurement by gender was con-
ducted in five studies,32,42,45,47,53 and by body
mass index (BMI) in only two studies.42,53
Finally, the cut-off score for grip strength varied
from 13 kg47 to 21 kg42 for women and from 21
kg47 to 32 kg42 for men.COPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 160
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indicators of frailty also used the Frailty Index
of Rockwood et al.,56 integrating 34 variables,
with a cut-off score of 0.14. Comprehensive assess-
ment of frailty was also conducted by other
authors.29,40,43,44,51,54,55 For example, in two
studies44,51 frailty was assessed using information
on functional and cognitive status, falls, depen-
dence in ADL, depression, malnutrition, inconti-
nence, polypharmacy and comorbidity, and in one
study43 changes in functional and cognitive status
were considered. Another study54 defined frailty in
terms of self-reported scores in the worst quartile
of at least two of six COOP-WONCA charts (an
instrument used in primary care settings worldwide
that allows quick identification of functional health
status57), including overall health, physical fitness,
changes in health, daily activities, mental health
and social activities. In two studies,29,40 frailtyTable 4: Definitions of frailty used in the included s
Study
Operational definition of frailty/pre-frailty
used by authors of included studies
Behm, et al.,
201540
Excessive tiredness in daily activities assessed by Mob-T
Scale (indicated by affirmation of being too tired to
perform the activity) and presence of at least three of
eight core frailty indicators:
- weakness (< 13 kg for women and < 21 kg for
males for the right hand, and < 10 kg for women
and < 18 kg for males for the left hand)
- fatigue (affirmation of suffering general fatigue over
the last 3 months)
- weight loss (affirmation of having weight loss over t
last 3 months)
- low physical activity (1–2 walks/week or less)
- poor balance (Berg’s balance scale score  47)
- gait speed (walking four meters or less in 6.7 s)
- visual impairment (visual acuity < 0.5 in both
eyes using the KM chart)
- cognition (MMSE score < 25)
Bonnefoy, et al.,
201222
Presence of low gait speed (< 0.8 m/second) and/or poo
physical activity (Physical Activity Scale for the Elderly
score < 64 for men and < 52 for women)
JBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWmeasurements took into account eight indicators,
such as weakness, fatigue/exhaustion, weight loss,
low physical activity, slowness, poor balance, visual
impairment and cognitive impairment, with one of
these studies40 using complementary measurement of
tiredness in daily activities. The last of the listed
studies55 identified frailty by the presence of biomedi-
cal, functional and psychosocial indicators.
Some studies21-23,46,52 based frailty assessment on
a very limited set of indicators. These indicators
included: the presence of low gait speed and/or poor
physical activity,22 the presence of poor physical
activity and self-reported exhaustion,46 the presence
of low mobility and poor nutrition,23 the presence of
weakness and changes in physical performance
(physical frailty),52 and impairment in basic ADL
functioning.21 Table 4 summarizes information
about frailty assessment conducted in the analyzed
studies.tudies, measured outcomes and assessment tools
Measured outcomes Tools and time-points assessment
he
Frailty
Deterioration in frailty
from
baseline based on sum of
frailty indicators and tired-
ness in daily activities
Mob-T Scale
Maximal hand grip strength
Gothenburg quality of life instru-
ment (symptom scale)
Gothenburg quality of life instru-
ment (symptom scale)
Number of walks for week
Berg’s balance scale
Gait speed
KM chart
MMSE
Assessment at baseline, and one year
and two years after intervention
r Physical activity
Maximal weekly walking
time and distance
Functional outcomes
- walking speed
- ADLs
- instrumental ADLs
- mobility
Nutritional outcomes
Safety outcomes
- injuries during exercise
- emergency hospitaliza-
tion
- transfer to long-stay
institutions
PASE
Gait speed
Time up-and-go test
One-minute chair-rise count
Six-step climb time
Fat free Mass and Body Mass index
the Mini Nutritional Assessment
Dietary intake
Assessment at baseline and after
four-month study
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Table 4. (Continued)
Study
Operational definition of frailty/pre-frailty
used by authors of included studies Measured outcomes Tools and time-points assessment
Cadore et al.,
201441
Presence of three or more frailty indicators, as defined by
Fried et al. (2001):
- weakness
- exhaustion
- weight loss
- low physical activity
- slowness
Functional status
Dual task performance
Incidence of falls
Maximal isometric and
dynamic strength
Muscle power
Muscle cross-sectional area
Muscle tissue attenuation
Time up-and-go tests
Dual tasks
FICSIT-4 tests of static balance
Barthel Index
Questionnaire of falls incidence
Maximal isometric and dynamic
strength and muscle power using 1-
repetion maximum test
Computer tomography scans using
64-row CT scanner
Assessment at baseline and after 12-
week intervention
Chan et al.,
201242
Frailty indicated by score 3–6 on CCSHA-CFS-TV and
then by score  1 on CHS-PCF. Frailty indicators
defined as:
- weakness ( 29–32 kg for men and  17–21 kg for
women, depending on BMI)
- exhaustion (affirmative response for statements ‘‘I felt
that everything I did was an effort’’ and ‘‘I could not
get going’’ and indication that this situation was
present at least occasionally or more frequent)
- weight loss (unintentional weigh loss of > 3 kg or >
5% of body weight in the previous year)
- low physical activity (weekly energy expenditure for
activities  2 metabolic equivalent tasks of fewer than
383 kcal for men and 270 for women)
- gait speed (five-meter walking time  7 s for men with
height  173 cm or  6 s for men with height > 173
cm; and walking time  7 s for women with height
 159 cm or  6 s for women with height > 159 cm)
Changes in frailty
Health-related outcomes
- cognitive function
- mental disorders
- ADL
- health care re source
utilization
- health-related quality of
life
Complex body composition
and musculoskeletal sys-
tem domain
- body mass index
- fat free mass (Inbody
3.01, as a substitute of
lean body mass)
- lowest T score from
spine and hip bone min-
eral density
- left one-leg-stand time
- dominant leg extension
power
Blood chemistry
- 25(OH) Vitamin D
Maximal hand grip strength
CES-D (two questions)
Self-report of weight loss
Taiwan International Physical Activ-
ity Questionnaire Short Form
Gait speed
MMSE
Primary Care Evaluation of Mental
Disorders
Barthel Index
Health care re source utilization
questionnaire
EQ-5D
Assessment at baseline, at the end of
intervention (three months after
baseline assessments), and six and
12 months after baseline assessments
For MMSE, bone mineral density
and 25(OH) Vitamin D, data was
collected only at baseline and 12
months later.
Clegg, et al.,
201443
Score > 8 in the Edmonton Frailty Scale that samples
10 domains, including cognitive impairment, functional
ability and mobility, measured using the Timed
up-and-go test
Basic mobility and func-
tional ability
ADLs
Health-related quality of
life
Depression
Edmonton Frailty Scale
Timed up-and-go test
EQ-5D
Geriatric Depression Scale – Short
Form 15
Assessment at baseline and at 14
weeks post-randomization
Edmonton Frailty Scale was adminis-
trated only at baseline
Cohen, et al.,
200244
Presence of at least two of following criteria:
- inability to perform one or more basic ADL
- a stroke within the previous three months
- a history of falls
- difficulty walking
- malnutrition
- dementia
- depression
- one or more unplanned admissions in the previous
three months
- prolonged bed rest
- incontinence
Survival
Health-related quality of
life
- dimensions of physical
functioning, physical
limitations, emotional
limitations, bodily pain,
energy, mental health,
social activity, general
health
Functional status
- ability to perform basic
and instrumental ADLs
- physical performance
SF-36
Katz Index of ADL
Fillenbaum brief measure of instru-
mental ADLs
Physical Performance Test
Assessment at baseline, immediately
after intervention, and 12 months
after randomization:
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Table 4. (Continued)
Study
Operational definition of frailty/pre-frailty
used by authors of included studies Measured outcomes Tools and time-points assessment
Eklund, et al.,
201329
Presence of more than two frailty indicators:
- weakness (< 13 kg for women and < 21 kg for men
for the dominant hand, and < 10 kg for women and
< 18 kg for men for the non-dominant hand)
- fatigue (affirmation of suffering general fatigue or
tiredness over the last 3 months)
- weight loss (affirmation of having weight loss over the
last 3 months)
- low physical activity (1–2 walks/week or less)
- poor balance (Berg’s balance scale score  47)
- gait speed (walking four meters or less in 6.7 s)
- visual impairment (visual acuity < 0.5 in both eyes
using the KM chart)
- cognition (MMSE score < 25)
Changes in levels of frailty
ADL
Maximal hand grip strength
Goteborg quality of life instrument
(symptom scale)
Goteborg quality of life instrument
(symptom scale)
Number of walks for week
Berg’s balance scale
Gait speed
KM chart
MMSE
Katz ADL Index
Assessment at baseline, and at three-,
six- and 12-month after discharge
Fairhall, et al.,
201532
Presence of three or more Fried’s frailty criteria:
- weakness (grip strength 18 kg for women and 
30 kg for men)
- fatigue (affirmative response for statements ‘‘I felt that
everything I did was an effort’’ and ‘‘I could not get
going’’ and indication that this situation was present a
moderate amount of time or most of the time)
- weight loss /shrinking (self-report of unintentional
weight loss  4.5 kg in previous 12 months or loss of
 5% of weight in prior year by direct measurement
of weight)
- low physical activity (in the past three months not
performing weight-bearing physical activity, spending
more than four hours per day sitting or going for a
short walk once per month or less)
- slowness ( 6 seconds to walk four meters, with or
without a walking aid)
Frailty
Health-related Quality of
Life
Maximal hand grip strength
CES-D (two questions)
Self-report of weight loss
Physical activity questionnaire
Gait speed
EQ-5D
Assessment at baseline, at three and
12 months
Favela, et al.,
201345
1. Score  0.14 in Frailty Index integrating 34 variables
(Rockwood et al., 2001)
2. Presence of three or more Fried’s frailty criteria:
- weakness (grip strength <17 kg for women and <
30 kg for men)
- fatigue (affirmative response for statements ‘‘I felt that
everything I did was an effort’’ and ‘‘I could not get
going’’ and indication that this situation was present a
moderate amount of time or most of the time)
- weight loss (unintentional weight loss of 4.5 kg in the
prior year or after 9-month of follow-up)
- low physical activity (evaluated by International
Physical Activity Questionnaire and indicating the
following pattern of activity: less than three days of
vigorous-intensity activity of at least 20 minutes per
day, less than five days of moderate-intensity activity
and walking less than 30 minutes per day)
- slowness (inability to walk 8 feet or taking more than
7 seconds to walk this distance)
Frailty Frailty Index
Maximal hand grip strength
CES-D (two questions)
Self-report of weight loss
International Physical Activity Ques-
tionnaire
Gait speed
Assessment at baseline and in the
final phase nine months later
Frailty Index was administrated only
at baseline
Gine´-Garriga,
et al., 201046
Presence of:
1. poor physical ability
- walking along a 3-m course and back at a quick
comfortable pace/ rapid gait test > 10 seconds
- failing to stand up five times from a seated position in
a hardback chair with arms folded
2. and self-reported exhaustion
- affirmative response for statements ‘‘I felt that every-
thing I did was an effort’’ and ‘‘I could not get going’’,
and cumulative score  2
Physical frailty
- ADL
- gait speed
- balance
Physical performance
- balance
- speed
- strength
- mobility
Barthel Index
Rapid-gait test
Stand-up test
Balance tests
- semitandem
- tandem
- single leg
Lower Body Strength test
Modified Timed up-and-go test
Assessment at baseline, week 12 and
week 36
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Table 4. (Continued)
Study
Operational definition of frailty/pre-frailty
used by authors of included studies Measured outcomes Tools and time-points assessment
Gustafsson,
et al., 201247
Sum of six core frailty indicators:
- weakness (grip strength < 13 kg for women and <
21 kg for males for the right hand, and < 10 kg for
women and < 18 kg for males for the left hand)
- fatigue (affirmation of suffering general fatigue over
the last 3 months)
- weight loss (affirmation of having weight loss over the
last 3 months)
- low physical activity (1–2 walks/week or less)
- poor balance (Berg’s balance scale score  47)
- slow gait speed (walking four meters or less in 6.7 s)
Frailty
Self-rated health
ADL
Maximal hand grip strength
Gothenburg quality of life instru-
ment (symptom scale)
Gothenburg quality of life instru-
ment (symptom scale)
Number of walks for week
Berg’s balance scale
Gait speed
Self-Related Health Questionnaire
ADL cumulative scale focusing on nine
personal and instrumental activities
Assessment at baseline and at 3-month
follow-up
Hars et al.,
201448
Presence of at least one of Fried’s frailty criteria:
- low grip strength
- exhaustion
- unintentional weight loss
- low physical activity
- slow walking speed
Frailty
Physical activity level
- Gait
- Balance
- Strength
Functional performance
Fall history
Nutritional Status
Quality of life
Anxiety
Depression
Cognitive function
Self-rated health status
Medications
Stride length variability
Usual gait speed
One-legged stance
Timed up-and-go test
Five-Times-Sit-to-Stand-Test
Structured face-to-face interviews
Mini-Nutritional Assessment Short
Form
12-Item Short Form Health Survey
Hospital Anxiety and Depression
Scale
MMSE
Clock-drawing test
Self-rated health
Original assessment at baseline and
after one year of intervention
Extension study assessment: four
years after original trial enrolment
Kim, et al.,
201549
Presence of three or more Fried’s frailty criteria:
- weakness (grip strength <19 kg)
- fatigue (affirmative response for statements ‘‘I felt that
everything I did was an effort’’ and ‘‘I could not get
going’’)
- weight loss (unintentional weight loss > 2–3 kg in the
last 6 months, or > 1–1.5 kg post-intervention, or >
1.3–2 kg at follow up)
- low physical activity (affirmative response to at least 3
of the following 4 statements: ‘‘I regularly takes walks
less than once a week’’, ‘‘I do not exercise regularly’’,
‘‘I do not actively participate in hobbies or lessons of
any sort’’, ‘‘I do not participate in any social groups
for elderly people or volunteering’’)
- slowness (usual walking speed < 1.0 m/s)
Frailty status
Body composition (muscle
mass, bone mineral density,
body fat)
Functional Fitness
Hematological Parameters
(BDNF, IGF-I, IGFBP-3,
serum myostatin)
Maximal hand grip strength
CES-D (two questions)
Self-report of weight loss
Physical activity questionnaire
Gait speed
Interview Survey
Dual-energy X-ray absorptiometry
Knee extension strength
Walking speed
Timed up-and-go test
Human BDNF, IGF-I and IGFBP-3
Quantikine ELISA kits
Human Myostatin ELISA kit
Assessment at baseline, after three-
month intervention and at four-
month follow-up after intervention
Kim & Lee,
201323
Presence of low mobility (usual gate speed < 0.6 m/
second) and poor nutrition (Mini Nutritional Assessment
score < 24)
Functional status
Functional performance
Physical performance
Weakness (grip strength)
Nutritional status
Mobility
Adverse effects
Physical Functioning tests
Short Physical Performance Battery
tests
Timed up-and-go test and one-legged
stance
Maximal hand grip strength
Dietary intake assessed by three non-
consecutive 24-hour recalls
Gait speed
Sign or symptom that the participant
complained about after initiation of
nutritional supplement
Assessment at baseline and after 12-
week intervention
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Study
Operational definition of frailty/pre-frailty
used by authors of included studies Measured outcomes Tools and time-points assessment
Li, et al., 201050 Sum of five frailty indicators as defined by Fried (2001):
- unintentional weigh loss of at least 4.5 kg in the
previous year
- self-reported exhaustion
- weaknesses (grip strength)
- slow walking speed
- low physical activity
Frailty
Functional Status including
ADL
Frailty assessment as defined by
Fried (2001) – without detailed
description
Barthel Index
Assessment at baseline and six
months later
Monteserin et al.,
201051
Presence of at least two of the following conditions:
- age of 85 years or more
- Gijo´n Social Scale score  9
- Pfeiffer Scale score  2
- Yesavage Depression Scale score  1
- Charlson Comorbidity Index score  2
- Barthel Index score  91
- Mininutritional Assessment Short Form score  12
- polimedication (higher than the mean number of drugs
taken by the study population)
- having fall history in the last six months (> one fall in
the last six months)
- having daily urinary incontinence in the last six
months
Functional status
Instrumental ADLs
Cognitive status
Depression
Nutritional status
Social support evaluation
Comorbidity
Composite outcome of all
causes of death, admissions
to nursing home facilities
and admissions to a home
care progra
Scale of Gijo´n
Pfeiffer Scale
Yesavage Depression scale
Charlson Comorbidity Index
Barthel Index
Lawton Index
Mininutritional Assessment Short
Form
Falls register
Assessment at baseline and at the
end of the study (after 18-month
intervention)
Muller et al.,
200652
Physical frailty measured by means of specific test battery,
including isometric grip strength, leg extensor power and
physical performance
Frailty
ADL
Cognitive function
Bone mineral density
Body composition
Atherosclerosis
Blood pressure
Hormone levels
Grip strength
Leg extensor power
Physical performance
- standing balance
- walking speed
- chair rise
Modified Stanford Health Assess-
ment Questionnaire
MMSE
7.5-MHz linear array transducer
x-ray absorptiometry
Blood samples analyzed by RIA
using commercial kits
Assessment at baseline and on the
end point one to four times in
36 week.
Ng, et al., 201553 Sum of five frailty indicators as defined by Fried
(2001):
- unintentional weigh loss (BMI: weight/height2 <18.5
kg/m2 or self-reported unintentional weight loss  10
pounds (4.5 kg) in the last 6 months)
- self-reported exhaustion (composite score < 10 on 3
questions: ‘‘Did you feel worn out?,’’ ‘‘Did you feel
tired?,’’ ‘‘Did you have a lot of energy?,’’ with
appropriate reversed scorings).
- weaknesses (muscle strength assessed by knee exten-
sion in the dominant leg; lowest quartile of values
stratified for BMI and sex was used to denote
weaknesses)
- slowness (6-meter fast gait speed test; the lowest
quintile of values stratified for height and age was
used to denote slowness)
- low activity (frequency and duration of six different
activities in the past two weeks; the lowest quintile
was used to classify participants with low activity)
Presence of one or two symptoms indicates
pre-frailty, presence of three symptoms or more indicates
frailty
Changes in frailty status
Changes in frailty compo-
nents
Changes in frequency of
hospitalizations
Changes in frequency of
falls
Dependency in instrumental
ADLs
Self-reported weight loss or BMI
Gait speed
Physiological Profile Assessment
(weakness component)
Medical Outcomes Study SF-12 scale
(vitality domain)
Longitudinal Ageing Physical Activ-
ity Questionnaire
Self-report of falls and hospitaliza-
tions
Index of instrumental ADLs
Assessment at baseline and at three-,
six - and twelve months
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Table 4. (Continued)
Study
Operational definition of frailty/pre-frailty
used by authors of included studies Measured outcomes Tools and time-points assessment
Van Hout et al.,
201054
Frailty defined by self-reported score in the worst quartile
of at least two of six COOP-WONCA charts:
- overall health (score  4)
- physical fitness (score  5)
- changes in health (score  4)
- daily activities (score  4)
- mental health (score  3)
- social activities (score  3)
Scoring range varied from 1(excellent) to 5 (very bad).
Functional status
Disability in ADL and
instrumental ADL
Hospital admittance
Time until placement in
nursing homes or homes
for disabled older persons
Time until death
COOP-WONCA charts measuring
functional health
SF-36
Groningen Activity Restriction Scale
Local hospital registry, supplemented
with self-report data
Primary care physicians medical
records, hospital database and nursing
homes registries
Assessment at baseline and at six and
18 months
Groningen Activity Restriction Scale
was administrated only at baseline and
at 18 months
Vriendt, et al.,
201621
Impairment in the basic ADL functioning Basic ADLs
Health-related Quality of
Life
- dimensions of physical
functioning, physical
role functioning, bodily
pain, mental health, vitality
BEL-profile Scale / WHO –
questionnaire
SF-36
Assessment at baseline and at the
end point of the program (between 8
and 10 weeks after randomization)
Wolf et al.,
200355
Frailty identified by the presence of biomedical,
functional and psychosocial indicators
Biomedical outcomes
- strength
- flexibility
- cardiovascular endur-
ance
- body composition
Functional outcomes
- instrumental ADL
Psychosocial well-being
outcomes
- depression
- fear of falling
- self-perception of pres-
ent and future health
- quality of sleep and
intrusiveness
Falls and injurious falls
incidence
Functional performance tests
Heart rate and blood pressure records
after 12-minute walk
Skinfold measures
Lawton and Brody IADL scale
CES-D
Fear of falling questionnaire
Questionnaire related to psychosocial
outcomes
Nicholas MMT 0116 muscle tester
(Lafayette Instruments)
The average force developed from
three contractions using the Jamar
Smedley-type hand dynamometer
(Therapeutic Equipment Corporation)
Assessment at baseline, after 15-week in-
tervention, and at four-month follow up
Assessment of heart rate, blood pressure
and skinfold thickness only before and
after intervention
The outcomes measured only at baseline were not included.
ADL, Activities of daily living; BDNF, Brain-derived neurotrophic factor; IGF-I, Insulin-like growth factor 1; IGFBP-3, insulin-like growth factor-binding protein 3; CCSHA-
CFS-TV, Chinese Canadian Study of Health and Ageing – Clinical Frailty Scale (telephone version); CES-D, Center for Epidemiological Studies - Depression Scale; CHS-
PCF, Cardiovascular Health Study Phenotypic Classification of Frailty; EQ-5D, EuroQol Group 5-Dimension Self-Report Questionnaire; IADL, Instrumental activities of
daily living; KM chart, visual acuity chart; MMSE, Mini-Mental State Examination; PASE, Physical Activity Scale for the Elderly; SF-36, Medical Outcomes Study 36-Item
Short-Form General Health Survey.
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The interventions examined in the included studies
were categorized as physical exercise programs
(n¼7),41-43,46,49,53,55 nutritional supplementation
(n¼3),23,49,53hormonereplacement (n¼1),52 individ-
ually tailored management of clinical condition
(n¼5),21,29,32,44,50 groupsessions (n¼3),40,47,51 home
visits (n¼4),40,45,47,54 psychological therapy (n¼1),42
cognitive training (n¼1),53 individual educational ses-
sion by a geriatrician (n¼1),51 and combined treat-
ment (n¼4).22,48,49,53 Two studies40,47 included theJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWsame sample and examined the same experimental
interventions (multi-professional senior group meet-
ings with one home visit and single preventive home
visit), differing in the measured outcomes and in the
time point of the outcomes assessment. Control con-
ditions used for comparison purposes were as follows:
usual care,29,32,43-45,51,54 usual care with education,46
education,42,55 usual care with placebo,53 placebo,49,52
screening evaluation without further management of
individual needs,50 community services,21,40,47 and
mobility exercises.41 In one study48 the control groupCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 166
ER HEALTH, INC. ON BEHALF OF THE JOANNA BRIGGS INSTITUTE.
SYSTEMATIC REVIEW J. Apo´stolo et al.included participants who discontinued experimental
intervention. Finally, in two studies,22,23 detailed
description of the control interventions was missing.
In one of these studies,23 the preventive effect of pro-
tein-energy supplementation was examined and the
control group did not receive nutritional supplement.Table 5: Characteristics of the interventions describ
Study Experimental condition
Behm, et al.,
201540
Gustafsson,
et al., 201247
Multi-professional senior group meetings with one home visi
Meetings with no more than six participants in each group, co
an occupational therapist, a physiotherapist, a registered nurse
qualified social worker, focused on information and discussion
aging process and possible health consequences and providing
solving various problems that may arise in the home environm
content of the group discussions varied according to the attend
participants’ individual experiences and needs. After group mee
follow-up home visit was provided.
Single preventive home visit
Visit from a trained professional (occupational therapist, physio
registered nurse or qualified social worker) including verbal an
information and advice about (i) local meeting places, activities
local associations, physical training for seniors, and other servi
of help and support offered by volunteers or municipal profess
(iii) availability of assistive devices and housing modifications.
tal fall risks in the home were identified, and advice on how to
them was included.
Bonnefoy,
et al., 201222
Home based exercise program with dietary protein
supplementation
Every dose of protein supplements contained 80% milk, soy
protein, 10 g protein including 3.49 g of branched amino ac
L-Leucin, 0.51 g L-isoleucin,
0.57 g L-valin), and 44.3 kcal.
Exercises program included: (i) flexibility exercises (rotation of
the right and left, flexion/extension, right and left turns of the t
sitting position, and hip and shoulder movements); (ii) strength
(contraction of the back muscles, arm pushes while sitting, calf
elevation of the hips, and the get-up-and-go test); (iii) balance e
(one-leg stands, sideways and tandem walking). For endurance
were also advised to walk for pleasure as often as possible.
Before the intervention the physiotherapist prescribed the
exercises and gave a booklet explaining how to perform these
how to fill in compliance diaries. He/she also explained how to
supplements to regular food, and delivered the supplements for
During the intervention period home helpers encourage particip
exercise, verify that protein supplements were taken correctly,
sure the diary was filled out.
Cadore et al.,
201441
Multicomponent exercise program
Multicomponent exercise intervention composed of lower a
body resistance training with progressively increased loads
optimized the muscle power output, combined with balance
retraining exercises that progressed in difficulty and functio
cises. All training sessions were supervised by one experienc
trainer. The training sessions included 5 min of warm-up, 1
balance and gait retraining, 20 min of resistance training, an
stretching (cool-down). A minimum of 2 days elapsed betw
consecutive training sessions. To reduce the participant dro
was played during all sessions.
JBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWThe second study22 investigated the preventive effect of
home-based exercise program with dietary protein
supplementation, without providing any information
about the control intervention. More detailed informa-
tion regarding both interventions and comparators is
provided in Table 5.ed in included studies
Control condition Duration of intervention
t
nducted by
and a
about the
strategies for
ent. The
ing
tings one
therapist,
d written
run by
ces; (ii) kinds
ionals; and
Environmen-
prevent
Ordinary range of community
services
Services offered by the munic-
ipal agency for care for the
aged and provided when
requested. They may include
meals on wheels, help with
cleaning and shopping, assis-
tance with personal care,
safety alarms, transportation
services, and health care.
Duration of intervention:
four weeks
Multi-professional senior
group meetings included
four weekly meetings with
2-hour duration and a fol-
low-up home visit con-
ducted 2–3 weeks after the
meetings.
Preventive home visit was
held once and had duration
of 1.5 - 2 hours.
and alfalfa
ids (2.41 g
the neck to
runk in a
exercises
raises,
xercises
, participants
exercises and
add protein
1.5 months.
ants to
and make
No intervention Period of intervention: four
months.
Each exercise session was
supposed to last approxi-
mately 20 minutes and be
performed once a day.
nd upper
that
and gait
nal exer-
ed physical
0 min
d 5 min of
een
pout, music
Mobility exercises
Exercises consisted of small
active and passive movements
applied as a series of stretches
in a rhythmic fashion to the
individual joints.
Period of intervention in
experimental group: 12
weeks.
Multicomponent exercise
sessions with duration
approximately of 40 min-
utes, performed twice a
week. A minimum of 2
days elapsed between conse-
cutive training sessions.
Period of intervention in
control group: 12 weeks.
Mobility exercise sessions
with duration of 30 minutes
per day, performed at four
days per week.
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Table 5. (Continued)
Study Experimental condition Control condition Duration of intervention
Chan et al.,
201242
Exercise and nutrition consultation
The program included warm up exercise (15 minutes) with brisk walks
followed by gentle stretching of major joints and muscles for 5 repetitions
each (10 minutes). Resistance training (20–30 min) with rubber band and
bottled water (0.6–1L) as weight for major muscles of upper and lower
limbs with 10 to 15 repetitions for each. Postural control activities and
balance training were also provided (10 minutes) by asking participants to
perform tandem gaits and one leg standing with eyes open/close, step up
and down stairs, toe walking and heel walking. Finally a cool down session
(5 minutes) with gentle relaxation movements are done. During exercise
sessions the participants were inquired about their dietary compliance and
their dietary questions were answered.
Problem solving therapy
Participants received therapy by trained case managers. This therapy
focuses on how to solve the ‘‘here-and-now’’ problems contributing to
participants’ mood-related conditions and helps increase their self-efficacy.
Educational booklet
Booklet on frailty, healthy
diets, exercise protocols, and
self-coping strategies were
given to participants. The
participants were contacted
monthly to check on how
much they had read the book-
let and how well they had
complied with the suggested
diet and exercise protocols.
Period of intervention: three
months
Exercise and nutrition:
thrice-weekly sessions with
duration of one hour
Problem solving therapy: 6
sessions
Educational booklet: once a
month
Clegg, et al.,
201443
Home-based exercise program
Program was delivered by community-based physiotherapists. Its core
components are strengthening exercises for the muscle groups required
for basic mobility skills. These exercises do not require special
equipment and that can be performed without professional supervision;
however they are graded in three levels, being their prescription
dependent on participants’ individual ability. The number of exercise
repetition increases with improvement of performance.
Participants receive weekly support from physiotherapists through five
face-to-face home visits and seven telephone calls.
Usual care
Participants continued to
receive usual care from the
primary healthcare team and,
other than baseline and fol-
low-up assessments, had no
contact with the research
team.
Period of intervention: 12
weeks.
Participants were requested
to complete the routine
exercise with duration < 15
minutes three times a day
on five days of the week.
Cohen, et al.,
200244
Inpatient geriatric care in multidisciplinary evaluation and management
units
Multidisciplinary team consisted of a geriatrician, a social worker, and
a nurse followed their standard protocols for geriatric evaluation and
management, with specific instructions to complete the history taking
and physical examination; develop a list of problems; assess the
patient’s functional, cognitive, affective, and nutritional status; evaluate
the caregiver’s capabilities; and assess the patient’s social situation. The
team met at least twice a week to discuss the plan of care. Preventive
and management services (e.g., dietetics, physical and occupational
therapy, and clinical pharmacy) were coordinated to address the
problems identified, with a general emphasis on maintaining the
patient’s functional status.
Usual inpatient care followed by care at outpatient geriatric clinic
Participants received all appropriate hospital services except for those
provided by the team on the geriatric evaluation and management unit.
Usual inpatient care followed
by usual outpatient care
Participants received all
appropriate hospital services
and after discharge were pro-
vided with at least one fol-
low-up appointment in an
appropriate clinic.
Not clear
Eklund, et al.,
201329
Continuum care by multi-professional team
Multi-professional team for care and rehabilitation included profes-
sionals in nursing with geriatric competence (emergency department),
occupational therapy, physiotherapy and social work (municipality).
Continuum care components were: (i) frailty screening and geriatric
assessment at emergency department; (ii) case-management in the
municipality; (iii) hospital care and/or rehabilitation at hospital if
needed; (iv) tracking of the patients in hospital wards and/or in the
municipality; (v) care planning; (vi) rehabilitation in the municipality
if assessed as needed at care planning; (vii) follows-up other than
research, within a week after care planning and then at least every
month for a year.
Continuum of care had a person-centered approach and was created
for the older person from the emergency department, through the
hospital ward and on to their own homes.
Usual care
Ordinary care including hos-
pital care and/or rehabilita-
tion at hospital if needed,
care planning by multidisci-
plinary team (only for partici-
pants with need of hospital
care), rehabilitation in the
municipality if assessed as
needed at care planning, fol-
lows-up other than research.
Not clear
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Table 5. (Continued)
Study Experimental condition Control condition Duration of intervention
Fairhall, et al.,
201532
Multifactorial interdisciplinary intervention targeting identified frailty
characteristics
The intervention, delivered by an interdisciplinary team
(two physiotherapists, a geriatrician, rehabilitation physician, dieti-
cian, and nurse), was individualized to each participant based on the
frailty criteria present. It incorporated the principles of geriatric
evaluation and management (including medication review and man-
agement of chronic health conditions). The participants also received
visits from physiotherapists, and were prescribed a home program of
lower limb balance and strength exercises. When needed, dietician
assessment and management was provided. In addition, regular
interdisciplinary case-conferences were conducted.
Usual care
Usual care from community
services and general practi-
tioner, that may include
assessment and delivery of
care needs, and medical and
allied health management.
Period of intervention:
12 months.
Participants received 10
physiotherapy visits and
were prescribed a home
program of exercises to be
undertaken for 20 to 30
minutes 3 to 5 times per
week for 1 year.
Favela, et al.,
201345
Nurse home visits alone
During the intervention medical history was performed and areas of
potential improvement were identified. Then, possible lifestyle changes
were discussed with patients and their relatives or caregivers (whenever
possible) and specific methods to achieve these changes were negoti-
ated. In addition, subjects’ pharmacological treatment was reviewed
and adherence was encouraged.
Nurse home visits including alert buttons
The same as above. In addition, patients could contact their nurses
whenever they felt the need by pressing the alert button.
In both conditions, patients continued to receive usual care from family
physicians at the clinic.
Usual care
Usual care at the Family
Medicine Clinic
Period of intervention: nine
months.
Nurse home visits were held
weekly.
Gine´-Garriga,
et al., 201046
Functional circuit-training program
Supervised intervention based on a combination of functional (static
and dynamic) balance and strength-based exercises. Balance exercises
were of increasing complexity, and when an easier step was achieved
without assistance, the individual went on to perform the next more
complex set of exercises. In case of strength exercises (rising from a
chair, stair climbing, knee bends, floor transfer, lunges, leg squat, leg
extension, leg flexion, calf raise, and abdominal curl using ankle
weights), the number of repetitions and then the load were increased.
Every session began with a warm-up, walking at usual pace for
10 min, and ended with cool-down, stretching for 5 min.
During the exercise period, participants were
instructed to continue their routine daily activities and
not perform any new exercise except for the interventional pro-
gram.
Health education meeting and
usual care
Four sessions including health
topics relevant to older
adults, such as nutrition,
medication use, foot care,
sleep hygiene, and other
health-related areas.
Usual care from the primary-
care practice provided when-
ever needed.
Participants were asked to
continue their routine daily
activities.
Period of intervention:
12 weeks.
Functional circuit-training
program: conducted twice a
week/every session with
duration of 45 minutes.
Health education meeting:
conducted once a week/
every session with duration
of 60 minutes.
Hars et al.,
201448
Continued intervention of music-based multitask training
The original trial consisted of 6-month music-based multitask exercise
program based on Jaques-Dalcroze eurhythmics (a music education
through movement method). This program included varied multitask
exercises involving multiple-task practice which highly challenged
motor-, cognitive- and social-related abilities, and was performed to
the rhythm of improvised piano music.
Extension study was held in various community locations, under the
supervision of certified instructors who were involved in the original
trial. Each class consisted of a warm-up followed by varied multitask
exercises of progressive difficulty, sometimes involving the handling
of objects (e.g., percussion instruments), performed individually, in
pairs or more. Basic exercises consisted of walking following the
piano music, responding directly or oppositely to changes in music’s
rhythmic patterns, phrases, form or other aspects.
Discontinued intervention
of music-based multitask
training
Discontinued participation
after the original trial comple-
tion.
Period of original trial:
6 months.
Period of extension study:
4 years, over 45 weeks per
year.
Sessions with duration of
one hour were conducted
once a week.
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Table 5. (Continued)
Study Experimental condition Control condition Duration of intervention
Kim, et al.,
201549
Milk fat globule membrane (MFGM) supplementation
The supplement composition was 21.5% protein, 44.0% fat, 26.5%
carbohydrate, 33.3% phospholipids, 6.4% ash, and 1.6% moisture. Each
pill contained 167mg of MFGM, and six pills (total 1 g) were ingested in
the mornings, prior to activity. The pills were yogurt-flavored. In addition,
participants were asked to fill out a daily diary on which they recorded
whether or not they took the full amount of the supplement. These diary
sheets were collected every two weeks.
Exercise R placebo
Training program of moderate intensity was conducted by one instructor
and two assistant trainers in four small groups. The exercise session
included a five minute warm-up, 30 minutes of strengthening exercises, 20
minutes of balance and gait training, followed by a five minute cool-down.
The strengthening exercises were performed in a progressive sequence from
the seated to standing positions, and progressive resistance was applied
through the use of the Thera-bands, and increasing repetition of each time
of exercise. Resistance or progression was only increased on a group basis,
when no significant fatigue or loss of proper execution was observed.
The placebo pills were of similar shape, taste, and texture of the MFGM
pills, and they included whole milk powder (26.3% protein, 25.2% fat,
39.5% carbohydrate, 0.286% phospholipids, 5.7% ash, and 3.3%
moisture) instead of MFGM.
ExerciseRmilk fat globule membrane (MFGM) supplementation
Participants in this group underwent exercise program and take MFGM
supplementation as described above.
Placebo
The placebo group followed
the same protocol as the
MFGM supplementation
group. The pills were of simi-
lar shape, taste, and texture
of the MFGM pills, and they
included whole milk powder
(26.3% protein, 25.2% fat,
39.5% carbohydrate, 0.286%
phospholipids, 5.7% ash, and
3.3% moisture) instead of
MFGM.
Period of intervention: three
months.
Exercise program: con-
ducted twice a week/every
session with duration of
60 minutes.
MFGM supplements and
placebo: given daily.
Kim & Lee,
201323
Protein-energy supplementation
Participants were provided two 200-mL cans of commercial liquid formula
(additional 400 kcal of energy, 25g of protein, 56g of carbohydrate 9.4g of
essential amino acids, 9g of lipid, 400 mL of water, and micronutrients)
per day. Compliance was measured every 2 weeks during a home visit by
the research dietitian. The participants were clearly instructed not to
replace their usual meal with the liquid supplement; rather, they were
encouraged to use the supplement to increase overall food intake.
No intervention
The participants did not receive
any treatment or counseling
during the study period, and
home healthcare services pro-
vided by National Home
Healthcare Services workers
were suspended. The partici-
pants were visited by research
dietitian and received small gift
every month.
Period of intervention:
12 weeks.
Nutritional supplements
were given daily.
Li, et al.,
201050
Screening evaluation and appropriate intervention based on screening
results
Screening evaluation was based on comprehensive geriatric evaluation.
Two board-certified geriatricians independently reviewed the partici-
pants’ assessment results along with their present and past medical
histories, current medication, and recent laboratory data. The interven-
tion programs were conducted by medical professionals at the commu-
nity hospital, as well as at appropriate community facilities. They
included medication adjustment, exercise instruction, nutrition support,
physical rehabilitation, social worker consultation, and/or specialty
referrals.
Screening evaluation
Screening evaluation was
based on comprehensive geri-
atric evaluation.
Not clear
Monteserin
et al., 201051
Recommendation about healthy habits and adherence to treatment in
group sessions
After comprehensive geriatric assessment, patients at non-risk of frailty
were provided with recommendations about health promotion, disease
prevention and self-care through the group session led by a trained
nurse. They patients were also given the booklet containing health
recommendations.
Individual sessions with geriatrician
After comprehensive geriatric assessment, patients at risk of frailty received
an individual educational session by a geriatrician. The geriatrician
informed each patient about specific health areas that could be improved
through lifestyle changes, developing a shared plan to emphasize the
reduction of disability raising main aspects like drug therapy, sensory
impairment, instability and falls, incontinence aids, dietary modifications,
inclusion in physical exercise programs, participation in senior center
activities and psychological counselling. The geriatrician included in the
medical record a health report detailing specific recommendations for
evaluation and management that could be of interest to the patient’s
General Practitioner and nurse.
Usual care
Standard care from the Gen-
eral Practitioner.
Period of intervention:
interventions consisted of
individual sessions, the
period between the assess-
ment and the intervention is
not clear
Group session with
duration of 45 minutes.
Individual session with
duration of over 30 min-
utes.
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Study Experimental condition Control condition Duration of intervention
Muller et al.,
200652
Atamestane R dehydroepiandrosterone (DHEA)
Participants received a combination of atamestane (100 mg/d) and
DHEA (50 mg/d). For each treatment period of 28 days, the volunteer
received two glasses with 28 tablets each. Subjects were instructed to
take the drugs during breakfast. To endure compliance, volunteers
were required to return empty glasses and the remaining trial
medication at each clinical visit. A pill count that indicated an
overall compliance of less than 80% was registered as
noncompliance.
DHEA
Participants received DHEA (50 mg/d) and placebo. The protocol of
the trial was the same as described for atamestane þ DHEA group.
Atamestane
Participants received atamestane (100 mg/d) and placebo. The proto-
col of the trial was the same as described for atamestane þ DHEA
group.
Placebo
Participants received two pla-
cebo tablets that had an outer
appearance identical with that
of either atamestane tablets
or DHEA tablets. The proto-
col of the trial was the same
as described for atamestane þ
DHEA group.
Period of intervention:
36 weeks
Tablets were taken on each
day of the treatment period
without a treatment-free
interval during the 36
weeks.
Ng, et al.,
201553
Nutritional supplements
A multi-fiber commercial formula, iron and folate supplement, vitamin
B6 and vitamin B12 supplement, and calcium and Vitamin D
supplement, designed to augment caloric intake by about 20% and
provide about one third of the recommended daily allowances of
vitamins and minerals, were administrated by interventional nurse.
Given the variability in individual energy requirements, participants
were encouraged to attain the maximal tolerable energy intake to gain
0.5 kg per week.
Physical training
The exercise program included resistance exercises integrated with
functional tasks; and balance training exercises involving functional
strength, sensory input, and added attentional demands. These exer-
cises were of moderate, gradually increasing intensity, and tailored to
participants’ individual abilities. They were conducted by a qualified
trainer. After 12 weeks participants were encouraged to continue the
exercise program at home.
Cognitive training
In the first 12 weeks participants participated in cognitive-enhancing
activities designed to stimulate short-term memory (learning strate-
gies), and enhance attention and information-processing skills (tasks
such as ‘‘spot the differences,’’ categorical naming, and coding), and
reasoning and problem solving abilities (matrix reasoning exercises,
mazes, and tangram-like games). In the subsequent 12 weeks
‘‘booster’’ sessions, focusing on the revision of the cognitive skills
learned in the first 12 weeks, were conducted.
Combination treatment
Participants in this group underwent all three aforementioned inter-
ventions
Standard care R placebo
Standard care from health
and aged care services, includ-
ing primary and secondary
level care from government or
private clinics and hospitals,
and community-based social,
recreational, and daycare
rehabilitation services.
Placebo capsules contained
nondairy creamer, liquid cara-
mel, sugar, and water, and
were identical in appearance
to the active nutritional sup-
plements. They were adminis-
trated by interventional
nurses. Participants were
instructed to not replace their
meals with supplements.
Period of intervention:
six months.
Nutritional supplements
and placebo: taken daily.
Physical training: 90-minute
sessions conducted on two
days per week during first
12 weeks; and individual
sessions at home, supposed
to be performed daily, dur-
ing subsequent 12 weeks.
Cognitive training: two-
hour weekly sessions during
first 12 weeks; and two-
hour fortnightly sessions
during subsequent 12
weeks.
Van Hout
et al., 201054
Proactive home visits by trained community nurses
The home-visits program had a preventive function and consisted of
(a) the assessment of the care needs with a multidimensional
computerized geriatric instrument,
which enabled direct identification of health risks; (b) identification
of care priorities together with the person, with focus on home
safety, fall prevention, medication adherence, and health promotion;
(c) designing and execution of individually tailored care plans; (d)
involvement of other visiting health professionals to add notes to
the care plan; (e) execution and monitoring participants by
telephone and on average three home visits, evaluation of changes
in care needs and adaptation of the care plan when needed.
Usual care
Usual care could involve visits
from primary care physician,
district nurse, physiotherapist
and/or social worker, day
care, meals on wheels or no
care.
Period of intervention:
18 months
Nurse visit: (i) one assess-
ment session with duration
of 45–75 minutes, (ii) ses-
sion(s) focused on designing
of care plan, (iii) at least
four visits dedicated to exe-
cution and monitoring of
the care plan.
After a year, the partici-
pants were reassessed and
the protocol was repeated.
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Table 5. (Continued)
Study Experimental condition Control condition Duration of intervention
Vriendt, et al.,
201621
Activity oriented and community based program
The intervention was delivered by occupational therapist according to
standardized protocol. It was based on a systematic therapy process
and includes 4 phases: (1) client-centered goal-setting (the assessment
of functional problems and their impact on health related quality of
life plus comprehensive geriatric assessment); (2) negotiating a therapy
plan (based on choices and preferences of the participants); (3) the
actual intervention (training of functions and skills, education of the
primary care giver or professional care giver, advise and instruction in
the use of assistive devices or a comprehensive intervention including
all aforementioned); (4) an evaluation of the outcome and finally
reporting to relevant others (as general practitioner and the community
care team).
Community care as usual
Support in housekeeping and
self-care, healthcare support
from a nurse and social sup-
port from social worker.
Period of intervention:
eight to ten weeks.
Frequency: not clear
Wolf et al.,
200355
Tai Chi
Tai Chi classes emphasized all components of movement that typically
become limited with aging. Specifically, the progression involved a
gradual reduction of the base of standing support until single limb
stance was achieved, increased body and trunk rotation, and reciprocal
arm movements. Participants were encouraged to home practice, but
this practice was not monitored.
Computerized balance training
Training involving use of a Balance System, high technological
approach, and being performed individually. During the task, the
participant have to move the cursor seen on the screen at eye level into
specific targets that can be placed anywhere on the screen. This task is
successfully achieved by moving the center of mass with no foot
displacement. The goal is to progressively increase sway to the limits
of postural stability. Added to this paradigm is the capability of
moving the floor upon which the pylons are placed at either linear or
angular directions at varying velocities.
The training period consisted of positioning progressively more difficult
targets that required increased sway first in the absence of, and then
with, concomitant floor movement. For each session, subjects were
asked to practice these tasks with eyes open and then with eyes closed,
thus demanding more dependence upon vestibular and somatosensory
systems to maintain balance.
Education exercise-control
condition
Participants met with a geron-
tological nurse/researcher to
discuss topics of interest, such
as pharmacological manage-
ment, sleep disorders, cogni-
tive deficits coping with
bereavement, and other.
The participants were also
instructed not to change their
exercise level.
Period of intervention:
15 weeks.
Tai Chi group: Participants
were encouraged to practice
at least 15 minutes twice a
day.
Computerized Balance
Training group: frequency
and duration of sessions
not clear.
Education group: weekly
session with one-hour
duration.
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In ten studies21-23,41,43,45,47,50-52 the outcomes of
interest were assessed twice, at baseline and at the
end of the intervention or study, with measurement
intervals varying from eight to 10 weeks21 to 18
months.51 In eight studies32,40,44,46,48,49,54,55 three
assessment sessions were conducted. The largest
measurement interval between the baseline and the
last follow-up assessments was four years,48 and the
smallest one seven months.49 Finally, three stud-
ies29,42,53 provided four assessment sessions. In
one of these studies42 the outcomes were measured
at baseline, after a three-month intervention, and at
six and 12 months. The same measurement intervals
(at baseline, and three, six and 12 months) were
indicated by the authors of another study.53 How-
ever in this case the intervention lasted six months so
that one of the assessment sessions (at three months)
was conducted in the course of the intervention. InJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWthe third study29 the outcomes were measured at
baseline and at three, six and twelve months after
discharge, with the period of the intervention being
unclear (for more detailed information see Table 4).
Methods of economic analysis
The aim of the study developed by Fairhall et al.32
was to compare the costs and cost-effectiveness of a
multifactorial interdisciplinary intervention target-
ing identified frailty characteristics versus usual care
from the community services and general practi-
tioners. The effectiveness outcome measures
included prevalence of frailty (assessed according
to CHS criteria) and level of quality of life (assessed
based on EuroQol questionnaire including items
regarding mobility, self-care, usual activities, pain/
discomfort and anxiety/depression), with data being
collected at baseline, and at three and 12 months. In
addition, quality adjusted life years (QALYs) wereCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 172
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of life measurements. For the calculation of the
number of QALYs gained or lost over the 12 months
of follow-up, trapezoidal integration (an approach
used for measure of the area under a function plotted
on a graph) was used. The study authors32 also
evaluated health and community resource utiliza-
tion, that included costs of primary care appoint-
ments with general practitioner and nurse or other
health professional, costs of hospital-based care,
costs of permanent and respite residential care, with
high and low care, and costs of home help, transport
and meal delivery. The resource use over 12 months
was translated into monetary values using local or
national prices or unit costs as appropriate. Mone-
tary amounts were presented in 2011 Australian
dollars. Finally, complete-case cost-utility and
cost-effectiveness of multifactorial interdisciplinary
intervention versus usual care were carried out, with
the adopted perspective of health and community
care funder. These economic evaluations included
comparison of the difference in cases of transition
out of frailty and in total costs between intervention
and the control groups, as well as incremental cost-
effectiveness ratios (ICERs) determined to assess the
additional expenditure required to achieve addi-
tional benefits of the intervention.
Cohen et al.44 compared the costs of an interven-
tion consisting of inpatient and outpatient geriatric
evaluation and management versus inpatient and
outpatient usual care. The effectiveness of these
interventions was measured based on changes in
basic and instrumental ADLs, physical performance
and quality of life (assessed by Short Form 36 Health
Survey). Data about these outcomes was collected at
discharge and 12 months. In addition, probability of
survival and relative risk of death at one year were
calculated. The economic evaluations included utili-
zation and costs of health care services, determined
using a computer program at each center, centralized
Veterans Affairs databases, and patients’ or care-
givers’ reports of non-Veterans Affairs nursing home
care. The costs considered in the analyses included
overall costs of initial hospitalization and overall
costs of health care after discharge (that is, costs
of inpatient, outpatient, and long-term care provided
by Veteran Affairs Medical Centers, as well as care in
private nursing homes, without including the costs of
inpatient and outpatient care at non-Veterans
Affairs facilities). Detailed information aboutJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWspecific costs was not provided. Monetary amounts
were presented in dollars. The authors did not pro-
vide information about the adopted perspective.44
Outcomes
The overview of the results on the outcome of frailty,
indicated by any validated scale, measurement or
index, or assessed by a limited set of indicators, is
provided in Table 6. Table 7 summarizes the impact
on the secondary outcomes.
Effectiveness of interventions to prevent
progression of frailty
Physical exercise programs delivered in class41,42,46,49
or delivered in class and followed by home-based
practice53,55 were shown to be effective for preventing
the progression of pre-frailty and frailty, at least in
some of the frailty indicators (sum of indicators,42,53
weakness,41,55 weight loss,49 slowness/gait
speed,41,46,53 gait distance,55 balance,46 exhaustion,49
physical activity,49 activities of daily living,46 and fear
of falls55). These positive effects were observed for
different types of exercise programs (including Tai
Chi,55 resistance training with42 and without41,53
nutrition consultation, and comprehensive multicom-
ponent training46,49) and for different samples (com-
munity dwelling older adults,42,49,53,55 older adults
aged between 80 years and 90 years contacted through
the primary health care center,46 institutionalized older
adults aged 85 or over41).
On the other hand, home-based exercise pro-
grams43 developed with housebound older adults
showed only a non-significant trend to improve
mobility. No effects on the prevention of frailty
progression were observed for computerized balance
training55 performed individually with supervision.
Providing nutritional supplements alone, includ-
ing milk fat globule membrane (MFGM)49 and pro-
tein-energy formula,23 or increasing protein-calorie
and micronutrients intake,53 was also shown to be
favorable for prevention of frailty progress. Milk fat
globule membrane49 provided to frail women from
the community improved physical activity immedi-
ately after the intervention and reduced long-term
exhaustion, but had no significant post-intervention
effect on weight. In another study,23 a protein-
energy formula provided to community dwelling
older adults with low mobility and who were also
malnourished (both indicators used for operational
definition of frailty), had beneficial effects for energyCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 173
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was not associated with significant change in body
weight. An intervention based on increase of protein-
calorie and micronutrient intake53 provided to pre-
frail and frail older adults from the community
improved frailty scores from the baseline, with
observed change being significant at 12 months,
but not at three or six months. The positive effects
of this intervention were observed through the
increase in long-term physical activity. Regarding
body mass index, the highest mean change was
observed follow-up at three months; however, this
change was not significant.
Hormone replacement with atamestane and/or
dehydroepiandrosterone52 and conducted with inde-
pendently living men without disease or recent hos-
pitalization and with low scores on strength tests was
shown to have no influence on frailty measurements.
Interventions based on individually tailored man-
agement of clinical condition by a multi-professional
team and according to individual needs21,29,32,44,50
were shown to have inconsistent effects on frailty
prevalence. A twelve month multifactorial interdis-
ciplinary intervention provided to community dwell-
ing older adults meeting with frailty showed a
significant impact on frailty prevalence.32 Improve-
ment in frailty (operationalized in terms of
impairment in basic activities of daily living) was
also observed in relation to client-centered, individ-
ually tailored activity oriented program conducted
with community dwelling older adults receiving
healthcare support.21 Regarding inpatient care in
geriatric evaluation and management units44 that
included screening geriatric evaluation and manage-
ment according to individual care plan developed by
a multi-professional team, positive effects were dem-
onstrated on basic ADL and physical performance at
discharge, but not at the follow up at 12 months.
However, when the same intervention was devel-
oped in geriatric clinics with outpatients who had
previously received all appropriate hospital ser-
vices,44 the positive effects were only observed on
physical performance at 12 months. On the other
hand, a six month intervention based on screening
evaluation results,50 developed with pre-frail and
frail community dwelling older adults, as well as
continuum care29 provided to older adults with at
least one chronic disease and dependent in at least
one ADL, discharged from emergency departments,
were shown to have no effects on frailty status.JBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWGroup sessions focused on the ageing process and
health,40 conducted with community dwelling older
adults resulted in postponing progression in tired-
ness in daily activities (measured through Mob-T
Scale) for up to one year. When tiredness was not
included in the analysis and when the follow-up at
three months was considered,47 group meetings
focused on ageing process and health were shown
to have no effect on frailty.
Educational sessions focused on health promo-
tion, disease prevention and self-care,51 provided in
groups for participants who were not at risk of
frailty, and individually by a geriatrician for partic-
ipants who were at risk of frailty, showed positive
impact for a change of frailty status.
Regarding home visits by nurses provided to
community dwelling older adults, positive effects
were observed in relation to nine months of weekly
nurse home visits focused on life-style changes and
accompanied by an alert button,45 but not in relation
to nine months of weekly nurse home visits focused
on life-style changes without alert button45 or 18
months of nurse home visits focused on designing of
care plan.54 The positive impact of the treatment
including alert button was observed on the frailty
prevalence, namely on the percentage of older adults
who developed frailty during the follow up period.
The authors45 suggested that a visiting nurse com-
bined with use of technology could produce a sense
of security in the patients diminishing the level of
risk. They also considered the possibility that the
technology could be a tool to make better clinical
decisions and to achieve closer patient care.
Favorable effects were also verified for a single
preventive home visit by a trained professional40
provided to community dwelling older adults. In
this case, the intervention resulted in postponing
progression in tiredness in daily activities for up to
one year. The authors of the intervention also
described the results obtained in the follow–up at
three months,47 however the definition of frailty
presented in this study did not include tiredness.
In this three months follow-up study47 no changes
in frailty prevalence were observed.
Cognitive training designed to stimulate short-
term memory, and enhance attention, information-
processing skills, and reasoning and problem-solving
abilities53 reduced the frailty score from baseline at
12 months (six months after the intervention).
Regarding frailty components, the significantCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 174
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diately after the intervention (at six months) and in
follow-up assessment (at 12 months). Other frailty
components remained unchanged.
Problem solving therapy42 was shown to have no
effects on frailty.
Combined multidisciplinary treatment, including
nutritional supplementation, physical training and
cognitive training53 provided to community dwelling
older adults, showed a significant positive impact on
frailty prevalence in follow up at three-, six- and 12
months. Physical exercise programs with supplemen-
tation were also shown to be effective for preventing
the progression of frailty in community dwelling older
adults, independently of type of supplement usedTable 6: Effectiveness of interventions described in
Study
Intervention/control
condition Primary outcome – frailty
Behm, et al.,
201540
Multi-professional
senior group meet-
ings with one home
visit
(n¼171)
At baseline:
- Sum of indicators: 14% non-fra
- Tiredness in daily activities: 6%
One year after intervention
- Deterioration on frailty: 49%
- Frail  3 indicators: 34%
- Tiredness in daily activities: 22%
Two years after intervention
- Deterioration on frailty: 60%
- Frail  3 indicators: 47%
- Tiredness in daily activities: 32%
Single preventive
home visit
(n¼174)
At baseline:
- Sum of indicators: 13% non-fra
- Tiredness in daily activities: 6%
1 year after intervention
- Deterioration on frailty: 44%
- Frail  3 indicators: 34%
- Tiredness in daily activities: 19%
2 years after intervention
- Deterioration on frailty: 58%
- Frail  3 indicators: 52%
- Tiredness in daily activities: 30%
Ordinary range of
community services
(n¼114)
At baseline:
- Sum of indicators: 11% non-fra
- Tiredness in daily activities: 6%
1 year after intervention
- Deterioration on frailty: 38%
- Frail  3 indicators: 39%
- Tiredness in daily activities: 33%
2 years after intervention
- Deterioration on frailty: 68%
- Frail  3 indicators: 59%
- Tiredness in daily activities: 39%
JBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUW(protein supplement22 or MFGM49). Protein supple-
mentation in combination with exercise prevented
decrease in maximal walking time, but had no effects
on maximal walking distance and physical activity. In
addition, for good compliers, a significant increase
in walking outcomes was observed.22 Exercise and
MFGM supplementation had positive long-term
effects on all frailty indicators, with the exception
of muscle strength.49 Finally, long-term music-based
multi task exercise48 (also conducted with community
dwelling older adults) improved gait speed and hand-
grip strength. In addition, pre-frail participants from
the continued intervention group were more likely to
become robust at four years than participants from
the discontinued intervention group.the included studies for outcome of frailty
Significance
il, 70% pre-frail, 16% frail
Between group change on
frailty status:
Decrease on frailty status
measures as tiredness in
daily activities was higher
in the control group than
in the senior meetings
group p¼ .029 or in the
preventive visit group
p¼ .006
il, 67% pre-frail, 20% frail
il, 70% pre-frail, 19% frail
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Study
Intervention/control
condition Primary outcome – frailty Significance
Bonnefoy,
et al., 201222
Home based exercise
program with dietary
protein supplementa-
tion
(n¼53)
At baseline (Median, 1st and 3rd quartiles):
- Maximal walking distance (m): 1000 (450; 1750)
- Maximal walking time (mn): 30 (15; 60)
- PASE score: 33.6 (30.0; 65.5)
After 4-month intervention (% from baseline, 1st and 3rd quartiles):
- Variation in maximal walking distance (%): 0.00 (55.0; 33.3)
- Variation in maximal walking time (%): 0.00 (33.3; 50.0)
- Variation in PASE score (%): 0.00 (20.9; 6.0)
Between group change:
Maximum walking time
kept stable in the interven-
tion group and decreased
in the control group
p¼ .009 (for age and sex
adjusted analysis p¼ .015)
In subgroup of good com-
pliers with intervention
program (n¼23) also sig-
nificant between group dif-
ferences on maximum
walking distance and max-
imum walking time were
found ( p¼ .007; p¼ .004,
respectively)
No intervention
(n¼49)
At baseline
- Maximal walking distance (m): 1000 (300; 2000)
- Maximal walking time (mn): 30 (15; 60)
- PASE score: 33.6 (27.1; 55.0)
After 4-month intervention (% from baseline, 1st and 3rd quartiles):
- Variation in maximal walking distance (%): 16.7 (40.0; 0.0)
- Variation in maximal walking time (%): 25.0 (50.0; 0.00)
- Variation in PASE score (%): 0.00 (16.7; 31.7)
Cadore et al.,
201441
Multicomponent
exercise program
(n¼11)
At baseline (mean  SD):
- Gait velocity (ms1): 0.760.07;
- Hand grip (N): 16563
- Hip flexion strength (N):1.057262
- Knee extension strength (N): 1.451441
After 12-week intervention (mean SD):
- Gait velocity (ms1): 0.800.08
- Hand grip (N): 18352
- Hip flexion strength (N): 1.284203
- Knee extension strength (N): 1.745460
Group x time interaction:
Gait velocity p < .05
Hip flexion strength
p< .05 (intervention group
> control group)
Hand grip p< .01 (inter-
vention group > control
group)
Knee extension strength
p< .01 (intervention group
> control group)
Within group change in
frailty components:
In the intervention group
improvement on hip flex-
ion strength p< .01 and
knee extension strength
p< .05
In the control group
decrease in gait speed
p< .05, hand grip p< .05
and knee extension
strength p< .05
Mobility exercises
(n¼13)
At baseline (mean SD):
- Gait velocity (ms1): 0.680.06
- Hand grip (N): 15764
- Hip flexion strength (N): 865268
- Knee extension strength (N): 1.206336
After 12-week intervention (mean SD):
- Gait velocity (ms1): 0.600.07
- Hand grip (N): 13058
- Hip flexion strength (N): 834382
- Knee extension strength (N): 1.042353
Chan et al.,
201242
Exercise and nutri-
tion consultation
(n¼55)
At baseline:
- Pre-frail: 84%; Frail: 16%
- Weight loss: 33%; Exhaustion: 45%; Low activity level: 5%; Slowness:
18%; Weakness: 60%
After 3-month intervention:
- Improvement in frailty: 45%
- Weight loss: 16%; Exhaustion: 29%; Low activity level: 4%; Slowness:
11%; Weakness: 20%
6 months after baseline assessment:
- Improvement in frailty: 42%
- Weight loss: 15%; Exhaustion: 31%; Low activity level: 4%; Slowness:
7%; Weakness: 16%
12 months after baseline assessment:
- Improvement in frailty: 40%
- Weight loss: 20%; Exhaustion: 35%; Low activity level: 4%; Slowness:
11%; Weakness: 13%
Between group change on
frailty status:
At 3 months the improve-
ment in frailty status was
higher in the exercise and
nutrition consultation
group than in the respec-
tive control group p¼ .008
Between group change on
frailty components: no sig-
nificant difference
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Study
Intervention/control
condition Primary outcome – frailty Significance
Problem solving ther-
apy
(n¼57)
At baseline:
- Pre-frail: 84%; Frail: 16%
- Weight loss: 21%; Exhaustion: 39%; Low activity level: 9%; Slowness:
26%; Weakness: 74%
After 3-month intervention:
- Improvement in frailty: 44%
- Weight loss: 12%; Exhaustion: 28%; Low activity level: 5%; Slowness:
9%; Weakness: 30%
6 months after baseline assessment:
- Improvement in frailty: 35%
- Weight loss: 11%; Exhaustion: 28%; Low activity level: 5%; Slowness:
11%; Weakness: 16%
12 months after baseline assessment:
- Improvement in frailty: 35%
- Weight loss: 14%; Exhaustion: 28%; Low activity level: 5%; Slowness:
12%; Weakness: 21%
Educational booklet
(control condition
for exercise and
nutrition consulta-
tion)
(n¼62)
At baseline:
- Pre-frail: 90%; Frail: 10%
- Weight loss: 19%; Exhaustion: 37%; Low activity level: 10%; Slowness:
9%; Weakness: 81%
After 3-month intervention:
- Improvement in frailty: 27%
- Weight loss: 10%; Exhaustion: 27%; Low activity level: 6%; Slowness:
3%; Weakness: 27%
6 months after baseline assessment:
- Improvement in frailty: 26%
- Weight loss: 13%; Exhaustion: 29%; Low activity level: 6%; Slowness:
5%; Weakness: 26%
12 months after baseline assessment:
- Improvement in frailty: 31%
- Weight loss: 15%; Exhaustion: 32%; Low activity level: 6%; Slowness:
5%; Weakness: 27%
Educational booklet
(control condition
for problem solving
therapy)
(n¼60)
At baseline:
- Pre-frail: 90%; Frail: 10%
- Weight loss: 3%; Exhaustion: 43%; Low activity level: 7%; Slowness:
12%; Weakness: 68%
After 3-month intervention:
- Improvement in frailty: 28%
- Weight loss: 13%; Exhaustion: 28%; Low activity level: 5%; Slowness:
5%; Weakness: 18%
6 months after baseline assessment:
- Improvement in frailty: 32%
- Weight loss: 17%; Exhaustion: 42%; Low activity level: 5%; Slowness:
2%; Weakness: 27%
12 months after baseline assessment:
- Improvement in frailty: 35%
- Weight loss: 20%; Exhaustion: 38%; Low activity level: 5%; Slowness:
3%; Weakness: 20%
Clegg, et al.,
201443
Home-based exercise
program
(n¼40)
At baseline (mean SD):
- TUGT Score: 52.062.4
After 12-week intervention (mean SD):
- TUGT Score: 62.477.7
Between group change: no
significant difference
Usual care
(n¼30)
At baseline (mean SD):
- TUGT Score: 57.974.1
After 12-week intervention (mean SD):
- TUGT Score: 97.0116.7
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Intervention/control
condition Primary outcome – frailty Significance
Cohen, et al.,
200244
Inpatient geriatric
care in
multidisciplinary
evaluation
and management
units
(not clear)
At baseline vs After intervention (mean change in score):
- Basic ADL score: 0.23; Instrumental ADL score: 0.30
- Physical Performance Test score: 3.12
At baseline vs 12 months after randomization (mean change in score):
- Basic ADL score: 0.27; Instrumental ADL score: 0.20
- Physical Performance Test score: 4.50
Between group change
In the inpatient groups
- basic ADL at discharge
p< .001 (evaluation and
management group >
usual care group)
- physical performance
at discharge p< .001 (eval-
uation and management
group > usual care group)
In the outpatient groups
- physical performance
at 12 months (adjusted for
the length of stay) p¼ .003
(evaluation and manage-
ment group > usual care
group)
Outpatient care in
geriatric evaluation
and management
clinics
(not clear)
At baseline vs After intervention (mean change in score):
- Basic ADL score: 0.20; Instrumental ADL score: 0.28
- Physical Performance Test score: 2.34
At baseline vs 12 months after randomization (mean change in score /values
adjusted for the length of stay):
- Basic ADL score: 0.27 / 0.05; Instrumental ADL score: 0.18 / 0.09
- Physical Performance Test score: 4.67 / 2.13
Usual inpatient care
(not clear)
At baseline vs After intervention (mean change in score):
- Basic ADL score: 0.15; Instrumental ADL score: 0.30
- Physical Performance Test score: 1.75
At baseline vs 12 months after randomization (mean change in score):
- Basic ADL score: 0.25; Instrumental ADL score: 0.20
- Physical Performance Test score: 4.24
Usual outpatient care
(not clear)
At baseline vs After intervention (mean change in score):
- Basic ADL score: 0.20; Instrumental ADL score: 0.30
- Physical Performance Test score: 2.60
At baseline vs 12 months after randomization (mean change in score/values
adjusted for the length of stay):
- Instrumental ADL score: 0.25 / 0.03; Basic ADL score: 0.21 / 0.08
- Physical Performance Test score: 4.07 / 1.30
Eklund,
et al., 201329
Continuum Care by
multi-professional
team
(n¼85)
At baseline:
- Non-frail: 5%; pre-frail: 26%; frail: 69%
3 months after discharge:
- Improvement: 8%; Maintained level: 78%; Decrease: 14%
6 months after discharge:
- Improvement: 12%; Maintained level: 74%; Decrease: 14%
12 months after discharge:
- Improvement: 12% Maintained level: 74%; Decrease: 14%
Between group change in
frailty status: no significant
difference
Usual care
(n¼76)
At baseline:
- Non-frail: 0%; pre-frail: 24%; frail: 76%
3 months after discharge:
- Improvement: 13%; Maintained level: 76%; Decrease: 11%
6 months after discharge:
- Improvement: 17%; Maintained level: 75%; Decrease: 8%
12 months after discharge:
- Improvement: 22%; Maintained level: 68%; Decrease: 9%
Fairhall,
et al., 201532
Multifactorial inter-
disciplinary interven-
tion targeting
identified frailty
characteristics
(n¼120)
At baseline:
- Frailty prevalence: 100% (3 frailty criteria: 64%; 4 frailty criteria: 28%;
5 frailty criteria: 8%)
At 3 months:
- Frailty prevalence: 64%
At 12 months:
- Frailty prevalence: 62%
Between group change in
frailty prevalence (adjusted
for month 0):
At 12 months frailty prev-
alence was lower in the
intervention group than in
the control group p¼ .02
Usual care
(n¼121)
At baseline:
- Frailty prevalence: 100% (3 frailty criteria: 65%; 4 frailty criteria: 25%; 5
frailty criteria: 10%)
At 3 months:
- Frailty prevalence: 75%
At 12 months:
- Frailty prevalence: 77%
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Study
Intervention/control
condition Primary outcome – frailty Significance
Favela, et al.,
201345
Nurse home visits
alone
(n¼44)
At baseline:
- Frail: 43.2%
- Weight loss: 18.2%; Exhaustion: 25.0%; Weakness: 50.0%; Slow walking
speed: 95.5%; Low activity level: 52.3%
After 9-month intervention:
- Frail: more than 65% (exact data not provided)
- Improvement in frailty: about 11% (exact data not provided)
- Development of frailty: 24.3%
Between group change in
frailty prevalence:
In post-intervention assess-
ment nurse home visits þ
alert buttons group less
frail than control group
p< .05 (either for observed
in those followed up, or
estimated including deaths
and losses to follow-up)
Nurse home visits
including alert but-
tons
(n¼45)
At baseline:
- Frail: 46.7%
- Weight loss: 15.6%; Exhaustion: 33.3%; Weakness: 60.0%; Slow walking
speed: 97.8%; Low activity level: 57.8%
After 9-month intervention:
- Frail: 23.3%
- Improvement in frailty: 12.8%
- Development of frailty: 5.1%
Usual care
(n¼44)
At baseline:
- Frail: 45.5%
- Weight loss: 20.5%; Exhaustion: 18.2%; Weakness: 52.3%; Slow walking
speed: 100%; Low activity level: 43.2%
After 9-month intervention:
- Frail: 58.3%
- Improvement in frailty: about 10% (exact data not provided)
- Development of frailty: 12.8%
Gine´-Garriga,
et al., 201046
Functional circuit-
training program
(n¼22)
At baseline (mean SD; 95%CI):
- Barthel Index Score: 73.412.35 (68.67; 78.15)
- Rapid Gait test (s): 11.730.60 (10.52; 12.93)
- Stand-up test (s): 19.550.71 (18.12; 20.97)
After 12-week intervention (mean SD; 95%CI):
- Barthel Index Score: 79.322.35 (74.58; 84.06)
- Rapid Gait test (s): 9.200.60 (7.99; 10.41)
- Stand-up test (s): 15.550.66 (14.21; 16.89)
At 36 weeks (mean SD; 95%CI):
- Barthel Index Score: 77.02.38 (72.19; 81.80)
- Rapid Gait test (s): 10.050.62 (8.82; 11.29)
- Stand-up test (s): 17.810.68 (16.43; 19.18)
Group x time interaction:
Barthel Index p< .001
(intervention group > con-
trol group)
For week 0 – week 12
p< .001
For week 0 – week 36
p¼ .001
For week 12 – week 36
p¼ .049
Rapid gait test p< .001
(intervention group > con-
trol group)
For week 0 – week 12
p< .001
For week 0 – week 36
p< .001
For week 12 – week 36
p¼ .031
Stand-up test p< .001
(intervention group > con-
trol group)
For week 0 – week 12
p< .001
For week 0 – week 36
p¼ .002
For week 12 – week 36
p< .001
Within group change:
In the intervention group
improvement from baseline
to week 12 and from base-
line to week 36 in Barthel
Index, Rapid Gait test and
Stand-up test p< .05
Health education
meeting and usual
care
(n¼19)
At baseline (mean SD; 95%CI):
- Barthel Index Score: 70.792.53 (65.69; 75.89)
- Rapid Gait test (s): 11.87 .065 (10.57; 13.16)
- Stand-up test (s): 17.050.93 (15.16; 18.93)
After 12-week intervention (mean SD; 95%CI):
- Barthel Index Score: 67.902.53 (62.79; 73.00)
- Rapid Gait test (s): 12.390.65 (11.10; 13.69)
- Stand-up test (s): 17.930.92 (16.07; 19.79)
At 36 weeks (mean SD; 95%CI):
- Barthel Index Score: 66.732.73 (61.26; 72.21)
- Rapid Gait test (s): 12.760.74 (11.29; 14.23)
- Stand-up test (s): 17.471.08 (15.31; 19.63)
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Table 6. (Continued)
Study
Intervention/control
condition Primary outcome – frailty Significance
Gustafsson,
et al., 201247
Multi-professional
senior group meet-
ings with one home
visit
(n¼171)
At baseline vs 3 months after intervention:
- No progression of frailty between baseline and follow-up: 64%
Between group change in
frailty status: No signifi-
cant difference
Single preventive
home visit
(n¼174)
At baseline vs 3 months after intervention:
- No progression of frailty between baseline and follow-up: 70%
Ordinary range of
community services
(n¼114)
At baseline vs 3 months after intervention:
- No progression of frailty between baseline and follow-up: 71%
Hars et al.,
201448
Continued interven-
tion of music-based
multitask training
(n¼23)
At baseline:
- Number of frailty components (mean SD): 0.50.6
- Weight loss: 4%; Exhaustion: 26%; Low activity level: 0%; Slow walking
speed: 9%; Weakness: 13%
After 1-year intervention:
- Number of frailty components (mean SD): 0.70.6
- Weight loss: 0%; Exhaustion: 9%; Low activity level: 0%; Slow walking
speed: 9%; Weakness: 48%
3 years after intervention:
- Number of frailty components (mean SD): 0.50.8
- Weight loss: 0%; Exhaustion: 9%; Low activity level: 0%; Slow walking
speed: 9%; Weakness: 35%
Within group change from
baseline to 4-year follow-
up:
Gait speed and gait veloc-
ity in the continued inter-
vention p< .05
Gait velocity in the discon-
tinued intervention p< .05
Between group change
Gait speed p¼ .006 (con-
tinued intervention > dis-
continued intervention)
Handgrip strength p¼ .018
(continued intervention >
discontinued intervention)
Change on frailty status:
Pre-frail participants from
the continued intervention
group were more likely to
become robust at 4 years
than participants from the
discontinued intervention
group ( p¼0.004)
Discontinued inter-
vention of music-
based multitask
training
(n¼29)
At baseline:
- Number of frailty components (mean SD): 10.7
- Weight loss: 21%; Exhaustion: 17%; Low activity level: 0%; Slow walking
speed: 14%; Weakness: 48%
After 1-year intervention:
- Number of frailty components (mean SD): 0.90.6
- Weight loss: 0%; Exhaustion: 10%; Low activity level: 0%; Slow walking
speed: 7%; Weakness: 69%
3 years after intervention:
- Number of frailty components (mean SD): 1.30.8
- Weight loss: 3%; Exhaustion: 10%; Low activity level: 0%; Slow walking
speed: 34%; Weakness: 79%
Kim, et al.,
201549
Milk fat globule
membrane (MFGM)
supplementation
(n¼32)
At baseline:
- Number of frailty components (mean SD): 3.70.7 (3 frailty criteria:
43.8%; 4 frailty criteria: 40.6%; 5 frailty criteria: 15.6%)
- Weight loss: 62.5%; Exhaustion: 62.5%; Low activity level: 93.8%;
Weakness: 65.6%;Slow walking speed: 68.8%
After 3-month intervention:
- Reversal rate of frailty: 28.1%
- Reversal rate from baseline to post-intervention for Weight loss: 18.7%;
Exhaustion: 18.7%; Low activity level: 40.6%; Weakness: 12.5%;Slow
walking speed: 12.5%
4 months after intervention:
- Reversal rate of frailty: 25.0%
- Reversal rate from baseline to follow-up for Weight loss: 15.6%;
Exhaustion: 25.0%; Low activity level: 9.4%; Weakness: 9.4%;Slow
walking speed: 15.6%
Within group change from
baseline to post-interven-
tion:
Weight loss in placebo
group p< .05
Exhaustion in exercise þ
placebo, exercise þ
MFGM, and placebo
groups p< .05
Physical activity in all
intervention and placebo
groups p< .05
Within group change from
baseline to follow-up:
Weight loss in exercise þ
MFGM, and exercise þ
placebo groups p< .05
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Study
Intervention/control
condition Primary outcome – frailty Significance
Exercise R placebo
(n¼33)
At baseline:
- Number of frailty components (mean SD): 3.60.7 (3 frailty criteria:
54.4%; 4 frailty criteria: 30.3%; 5 frailty criteria: 15.2%)
- Weight loss: 60.6%; Exhaustion: 84.8%; Low activity level: 75.8%;
Weakness: 72.7%;Slow walking speed: 60.6%
After 3-month intervention:
- Reversal rate of frailty: 51.5%
- Reversal rate from baseline to post-intervention for Weight loss: 12.1%;
Exhaustion: 69.7%; Low activity level: 57.6%; Weakness: 3.0%;Slow
walking speed: 9.1%
4 months after intervention:
- Reversal rate of frailty: 39.4%
- Reversal rate from baseline to follow-up for Weight loss: 33.3%;
Exhaustion: 42.4%; Low activity level: 9.1%; Weakness: 3.1%;Slow
walking speed: 18.2%
Exhaustion in all interven-
tion groups p< .05
Physical activity in exercise
þ MFGM group p< .05
Walking speed in exercise
þ MFGM group p< .05
Between group change in
post intervention assess-
ment:
Weight loss p¼ .007 (exer-
cise þ MFGM<MFGM,
placebo)
Exhaustion p< .001 (exer-
cise þ MFGM, MFGM,
and placebo group-
s< exercise þ placebo)
Exercise R milk fat
globule membrane
(MFGM) supplemen-
tation
(n¼33)
At baseline:
- Number of frailty components (mean SD): 3.80.7 (3 frailty criteria:
33.3%; 4 frailty criteria: 48.5%; 5 frailty criteria: 18.2%)
- Weight loss: 72.7%; Exhaustion: 60.6%; Low activity level: 90.9%;
Weakness: 69.7%;Slow walking speed: 66.7%
After 3-month intervention:
- Reversal rate of frailty: 57.6%
- Reversal rate from baseline to post-intervention for Weight loss: 0.00%;
Exhaustion: 30.3%; Low activity level: 54.5%; Weakness: 6.1%;Slow
walking speed: 18.2%
4 months after intervention:
- Reversal rate of frailty: 45.5%
- Reversal rate from baseline to follow-up for Weight loss: 39.4%;
Exhaustion: 33.3%; Low activity level: 36.4%; Weakness: 3.0%;Slow
walking speed: 42.4%
Between group change in
follow-up assessment:
Weight loss p¼ .005 (exer-
cise þ MFGM > MFGM,
placebo; exercise þ pla-
cebo > placebo)
Exhaustion p¼ .007 (exer-
cise þ MFGM, exercise þ
placebo, MFGM > pla-
cebo)
Physical activity p¼ .004
(exercise þ MFGM >
exercise þ placebo,
MFGM, placebo)
Walking speed p< .001
(exercise þ MFGM >
exercise þ placebo;
MFGM > placebo)
Placebo
(n¼32)
At baseline:
- Number of frailty components (mean SD): 3.50.6 (3 frailty criteria:
51.5%; 4 frailty criteria: 45.5%; 5 frailty criteria: 3.0%)
- Weight loss: 45.5%; Exhaustion: 60.6%; Low activity level: 90.9%;
Weakness: 63.6%;Slow walking speed: 57.6%
After 3-month intervention:
- Reversal rate of frailty: 30.3%
- Reversal rate from baseline to post-intervention for Weight loss: 30.3%;
Exhaustion: 30.3%; Low activity level: 30.3%; Weakness: 6.1%;Slow
walking speed: 3.0%
4 months after intervention:
- Reversal rate of frailty: 15.2%
- Reversal rate from baseline to follow-up for Weight loss: 6.1%;
Exhaustion: 6.1%; Low activity level: 9.1%; Weakness: 9.1%;Slow
walking speed: 0.0%
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Table 6. (Continued)
Study
Intervention/control
condition Primary outcome – frailty Significance
Kim & Lee,
201323
Protein-energy sup-
plementation
(n¼41)
At baseline (mean SD):
- Physical Functioning score: 17.05.3
- SPPB score: 5.51.5
- Energy intake (kcal/day): 965309; Protein (g/day): 35.415.9; Essential
amino acid (g/day): 9.14.1; Adequacy ratio for the intake of energy,
protein and micronutrients: 55.420.2; Body weight (kg): 47.49.3
After 12-week intervention (mean SD):
- Physical Functioning score: 18.24.9
- SPPB score: 5.81.6
- Energy intake (kcal/day): 1124315; Protein (g/day): 54.721.2; Essen-
tial amino acid (g/day): 16.96.0; Adequacy ratio for the intake of
energy, protein and micronutrients: 87.424.2; Body weight (kg):
49.09.4
Between group change in
frailty components:
SPPB p¼ .039;
Energy intake p¼ .008;
Protein p< .001;
Essential amino acid
p< .001
Adequacy ratio p< .001
There was a modest corre-
lation between relative
change in physical func-
tioning with relative
change in protein intake
(rs¼ .23, p¼ .037) and
mean adequacy ratio
(rs¼ .25, p¼ .023).
Change in Short Physical
Performance Battery corre-
lated significantly with
change in mid-arm circum-
ference (rs¼ .31; p¼ .004).
No intervention
(n¼43)
At baseline (mean SD):
- Physical Functioning score: 18.45.8
- SPPB score: 5.71.8
- Energy intake (kcal/day): 951331; Protein (g/day): 35.915.0; Essential
amino acid (g/day): 10.44.9; Adequacy ratio for the intake of energy,
protein and micronutrients: 60.423.6; Body weight (kg): 44.47.7
After 12-week intervention (mean SD):
- Physical Functioning score: 18.46.1
- SPPB score: 5.42.2
- Energy intake (kcal/day): 896277; Protein (g/day): 32.710.3; Essential
amino acid (g/day): 9.03.7; Adequacy ratio for the intake of energy,
protein and micronutrients: 56.218.8; Body weight (kg): 45.88.0
Li, et al.,
201050
Screening evaluation
and
intervention based on
screening results
(n¼129)
At baseline:
- Non-frail: 0%; Pre-frail: 82.9%; Frail: 17.1%
6 months after baseline assessment:
- Non-frail: 3.9%; Pre-frail: 78.3%; Frail: 17.8%
Deterioration in frailty sta-
tus: no significant differ-
ences
Screening evaluation
(n¼140)
At baseline:
- Non-frail: 0%; Pre-frail: 80.4%; Frail: 19.6%
6 months after baseline assessment:
- Non-frail: 2.1%; Pre-frail: 73.6%; Frail: 24.3%
Monteserin
et al., 201051
Group sessions
(n¼157)
At baseline:
- 49% at risk of frailty
After 18-month intervention:
- Reversal rate of frailty: 27.9%
- Rate of becoming at risk of frailty: 20.4%
Between group change in
frailty status:
From not at risk to at risk
status p¼ .023 (control
group > intervention
group)
From at risk to not at risk
status p¼ .027 (control
group< intervention
group)
Individual sessions
with geriatrician
(n¼151)
Usual care
(n¼312)
At baseline:
- 42.9% at risk of frailty
After 18-month intervention:
- Reversal rate of frailty: 13.5%
- Rate of becoming at risk of frailty: 33.8%
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Study
Intervention/control
condition Primary outcome – frailty Significance
Muller et al.,
200652
Atamestane R dehy-
droepiandrosterone
(DHEA)
(n¼26)
At baseline (mean SD):
- Isometric grip strength (kg): 33.36.3
- Leg extension power (Nm): 105.717.6
- Physical performance score: 8.352.35
After 36-week intervention (differences between placebo and study agent,
mean, 95% CI):
- Isometric grip strength (kg): 0.0 (1.9; 1.9)
- Leg extension power (Nm): 1.8 (8.7; 5.0)
- Physical performance score: 0.2 (0.7; 1.2)
No differences in change
of isometric grip strength
and physical performance
for the treatment groups,
compared with placebo
group
Leg extension power
declined in all intervention
groups
Time effect on frailty mea-
sures: no significant
DHEA
(n¼25)
At baseline (mean SD):
- Isometric grip strength (kg): 32.75.2
- Leg extension power (Nm): 110.814.7
- Physical performance score: 7.802.35
After 36-week intervention (differences between placebo and study agent,
mean, 95% CI):
- Isometric grip strength (kg): 1.3 (0.6; 3.2)
- Leg extension power (Nm): 5.4 (12.4; 1.6)
- Physical performance score: 0.7 (0.3; 1.7)
Atamestane
(n¼25)
At baseline (mean SD):
- Isometric grip strength (kg): 33.86.3
- Leg extension power (Nm): 101.913.4
- Physical performance score: 8.482.14
After 36-week intervention (differences between placebo and study agent,
mean, 95% CI):
- Isometric grip strength (kg): 0.2 (1.8; 2.1)
- Leg extension power (Nm): 1.9 (8.9; 5.0)
- Physical performance score: 0.2 (0.8; 1.2)
Placebo
(n¼24)
At baseline (mean SD):
- Isometric grip strength (kg): 34.07.1
- Leg extension power (Nm): 103.013.5
- Physical performance score: 8.582.12
After 36-week intervention (changes from baseline (placebo), mean, 95%CI):
- Isometric grip strength (kg): 1.2 (2.4; 0.0)
- Leg extension power (Nm): 6.4 (0.1; 12.7)
- Physical performance score: 0.1 (0.9; 0.7)
Ng, et al.,
201553
Nutritional supple-
ments
(n¼50)
At baseline (mean SD):
- Number of frailty components: 2.10.78; pre-frail: 67.4%; frail 32.7%
- Weight loss: 4.1%; Slowness: 40.8%; Weakness: 53.1%;Exhaustion:
14.3%; Low activity level: 18.4%
- BMI (kg/m2): 24.04.31; knee strength (kg): 14.05.27; physical
activity: 165.7104.7; gait speed (s): 5.81.81; energy: 10.71.23
At 3 months (mean SD):
- Number of frailty components: 1.51.06
- BMI (kg/m2): 24.34.33; knee strength (kg): 15.85.38; physical
activity: 201.5119.2; gait speed (s): 4.81.21; energy: 11.41.79
After 6-month intervention (mean SD):
- Number of frailty components 1.40.78
- BMI (kg/m2): 23.94.47; knee strength (kg): 15.14.77; physical
activity: 264.5134.9; gait speed (s): 5.01.02; energy: 11.21.56
At 12 months (mean SD):
- Number of frailty components: 1.50.91; Frailty reduction: 35.6%
- BMI (kg/m2): 24.24.23; knee strength (kg): 15.04.34; physical
activity: 279.1139.0; gait speed (s): 5.21.21; energy: 11.61.85
Mean change from base-
line for frailty score:
Nutritional supplements at
12 months p< .05
Cognitive training at 12
months p< .05
Physical training at 3
months p< .05, at 6 and
12 months p< .01
Combined treatment at 3
and 6 months p< .05, at
12 months p< .01
Mean change from base-
line for frailty prevalence:
All intervention groups
p< .01
Time effect on frailty com-
ponents: BMI p¼ .001;
knee strength, physical
activity, gait speed, energy
p< .001
Group effect on frailty
components: no significant
Group x time interaction
on frailty components:
knee strength p¼ .009;
physical activity p¼ .038
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Intervention/control
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Physical training
(n¼48)
At baseline (mean SD):
- Number of frailty components: 2.20.85; pre-frail: 60.4%; frail 39.6%
- Weight loss: 6.3%; Slowness: 47.9%; Weakness: 54.2%;Exhaustion:
14.6%; Low activity level: 22.9%
- BMI (kg/m2): 23.53.03; knee strength (kg): 14.14.63; physical activity:
162.5117.2; gait speed (s): 6.12.08; energy: 10.81.10
At 3 months (mean SD):
- Number of frailty components: 1.20.75
- BMI (kg/m2): 23.52.92; knee strength (kg): 16.04.00; physical activity:
185.8116.9; gait speed (s): 4.80.89; energy: 11.71.68
After 6-month intervention (mean SD):
- Number of frailty components: 1.30.87
- BMI (kg/m2): 23.73.06; knee strength (kg): 16.95.47; physical activity:
220.1139.7; gait speed (s): 5.01.04; energy: 11.51.71
At 12 months (mean SD):
- Number of frailty components: 1.40.80; Frailty reduction: 41.3%
- BMI (kg/m2): 23.43.23; knee strength (kg): 15.55.19; physical activity:
202.0134.6; gait speed (s): 4.90.99; energy: 11.41.89
Cognitive training
(n¼50)
At baseline (mean SD):
- Number of frailty components: 2.00.91; pre-frail: 74.0%; frail 26.0%
- Weight loss: 4.0%; Slowness: 26.0%; Weakness: 56.0%;Exhaustion:
20.0%; Low activity level: 24.0%
- BMI (kg/m2): 23.12.70; knee strength (kg): 12.93.88; physical activity:
179.3113.3; gait speed (s): 5.41.16; energy: 10.51.20
At 3 months (mean SD):
- Number of frailty components: 1.30.81
- BMI (kg/m2): 23.33.01; knee strength (kg): 14.94.41; physical activity:
194.8118.6; gait speed (s): 4.70.97; energy: 11.71.78
After 6-month intervention (mean SD):
- Number of frailty components: 1.40.78
- BMI (kg/m2): 23.42.97; knee strength (kg): 15.25.20; physical activity:
194.8115.4; gait speed (s): 4.60.80; energy: 11.31.71
At 12 months (mean SD):
- Number of frailty components: 1.40.94; Frailty reduction: 35.6%
- BMI (kg/m2): 23.03.52; knee strength (kg): 15.04.35; physical activity:
227.198.7; gait speed (s): 5.21.05; energy: 11.52.07
Combination treat-
ment
(n¼49)
At baseline (mean SD):
- Number of frailty components: 2.10.81; pre-frail: 73.5%; frail 26.5%
- Weight loss: 2.0%; Slowness: 34.7%; Weakness: 51.0%;Exhaustion:
16.3%; Low activity level: 32.7%
- BMI (kg/m2): 24.43.79; knee strength (kg): 14.95.50; physical activity:
160.6115.9; gait speed (s): 5.41.25; energy: 10.71.38
At 3 months (mean SD):
- Number of frailty components: 1.30.84
- BMI (kg/m2): 24.43.78; knee strength (kg): 16.85.82; physical activity:
201.6115.3; gait speed (s): 4.71.20; energy: 11.91.67
After 6-month intervention (mean SD):
- Number of frailty components: 1.40.87
- BMI (kg/m2): 24.63.64; knee strength (kg): 17.56.40; physical activity:
197.2139.4; gait speed (s): 4.81.13; energy: 11.81.71
At 12 months (mean SD):
- Number of frailty components: 1.21.07; Frailty reduction: 47.8%
- BMI (kg/m2): 24.13.83; knee strength (kg): 17.26.59; physical activity:
201.0138.0; gait speed (s): 5.32.17; energy: 12.01.81
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Intervention/control
condition Primary outcome – frailty Significance
Standard care R
placebo
(n¼50)
At baseline (mean SD):
- Number of frailty components: 1.80.80; pre-frail: 86.0%; frail 14.0%
- Weight loss: 6.0%; Slowness: 30.0%; Weakness: 40.8%;Exhaustion:
12.0%; Low activity level: 10.0%
- BMI (kg/m2): 23.63.35; knee strength (kg): 15.54.73; physical activity:
176.9111.0; gait speed (s): 5.62.07; energy: 10.61.55
At 3 months (mean SD):
- Number of frailty components: 1.30.85
- BMI (kg/m2): 24.13.33; knee strength (kg): 16.54.68; physical activity:
183.5114.6; gait speed (s): 5.12.09; energy: 11.21.99
After 6-month intervention (mean SD):
- Number of frailty components: 1.41.06
- BMI (kg/m2): 24.13.61; knee strength (kg): 15.04.53; physical activity:
195.0103.0; gait speed (s): 4.91.47; energy: 11.31.68
At 12 months (mean SD):
- Number of frailty components: 1.60.97; Frailty reduction: 15.2%
- BMI (kg/m2): 23.83.58; knee strength (kg): 14.84.47; physical activity:
209.7123.3; gait speed (s): 5.21.72; energy: 10.91.67
Van Hout
et al., 201054
Proactive home visits
by trained commu-
nity nurses
(n¼331)
At baseline (mean SD):
- SF-36 physical component: 31.810.0; SF-36 mental component:
44.211.4; GARS:55.5 (9.8)
At 6 months (mean SD):
- SF-36 physical component: 31.49.3; SF-36 mental component:
44.510.5
After 18-month intervention (mean SD):
- SF-36 physical component: 30.79.2; SF-36 mental component:
43.911.2; GARS: 51.810.4
Group x time interaction:
no significant difference
Usual care
(n¼320)
At baseline (mean SD):
- SF-36 physical component: 31.99.9; SF-36 mental component:
45.011.3; GARS: 56.89.8
At 6 months (mean SD):
- SF-36 physical component: 32.19.4; SF-36 mental component:
45.410.6
After 18-month intervention (mean SD):
- SF-36 physical component: 32.29.3; SF-36 mental component:
45.211.2; GARS: 53.010.5
Vriendt,
et al., 201621
Activity oriented and
community based
program
(Baseline: n¼86
Follow-up: n¼82)
At baseline (mean SD):
- basic ADL: 6625
After 8–10-week intervention (mean difference):
- basic ADL: 3.6
Between group difference:
p¼0.013
Community care as
usual
(Baseline: n¼82
Follow-up: n¼80)
At baseline (mean SD):
- basic ADL: 6923
After 8–10-week intervention (mean difference):
- basic ADL: -3.1
Wolf et al.,
200355
Tai Chi
(n¼72)
At baseline (mean SD):
- Grip strength left: 23.28.2; systolic blood pressure post walk (mmHg):
172.127.7; distance (miles): 0.570.09
- Fear of falling: 56%; Intrusiveness (agree): 79%
After 15-week intervention (mean SD):
- Grip strength left: 22.58.5; systolic blood pressure post walk (mmHg):
158.927.4; distance (miles): 0.550.10
- Fear of falling: 48%; Intrusiveness (agree): 83%
4 months after intervention (mean SD):
- Grip strength left: 22.88.1
- Fear of falling: 53%; Intrusiveness (agree): 85%
Group x time interaction:
Grip strength left p¼ .025
Tukey test:
Tai Chi group less likely to
decline over time than
other groups
Group x time interaction:
Walk distance p¼ .040
Tukey test:
Tai Chi group<other
groups
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Table 6. (Continued)
Study
Intervention/control
condition Primary outcome – frailty Significance
Computerized Bal-
ance Training
(n¼64)
At baseline (mean SD):
- Grip strength left: 24.88.1; systolic blood pressure post walk (mmHg):
170.533.0; distance (miles): 0.560.09
- Fear of falling: 71%; Intrusiveness (agree): 82%
After 15-week intervention (mean SD):
- Grip strength left: 23.88.0; systolic blood pressure post walk (mmHg):
165.525.8; distance (miles): 0.570.08
- Fear of falling: 73%; Intrusiveness (agree): 80%
4 months after intervention (mean SD):
- Grip strength left: 23.18.0
- Fear of falling: 67%; Intrusiveness (agree): 82%
Changes in pre to post
intervention scores for Tai
Chi and Education groups:
Fear of falling p¼ .046
Education exercise-
control condition
(n¼64)
At baseline (mean SD):
- Grip strength left: 23.86.5; systolic blood pressure post walk (mmHg):
164.026.8; distance (miles): 0.570.08
- Fear of falling: 55%; Intrusiveness (agree): 85%
After 15-week intervention (mean SD):
- Grip strength left: 22.06.2; systolic blood pressure post walk (mmHg):
162.327.3; distance (miles): 0.580.11
- Fear of falling: 64%; Intrusiveness (agree): 78%
4 months after intervention (mean SD):
- Grip strength left: 22.26.6;
- Fear of falling: 60%; Intrusiveness (agree): 84%
ADL, Activities of daily living; BMI, body mass index; BMI, body mass index; GARS, Groningen Activity Restriction Scale; OR, odds ratio; PASE, Physical Activity Scale for
the Elderly; SD, standard deviation; SF-36, Short Form 36 Health Survey; SPPB, Short Physical Performance Battery; TUGT, Timed Up and Go Test.
SYSTEMATIC REVIEW J. Apo´stolo et al.Effectiveness of interventions to prevent
deterioration in secondary outcomes
Data for secondary outcomes of interest was presented
in 19 studies.21-23,29,32,41-44,46-55 These outcomes
included quality of life,21,32,42-44 self-rated health,47,48
depression or other mental health-related outcomes,42,
43,48,51 cognition,41,42,48,52 functional capacity/
mobility,22,23,41,42,46,48,49 ADLs,22,29,41-43,47,50,52,53
analytical parameters including blood analyses,42,49,52
body composition parameters23,41,42,49,52 and nutri-
tion-related outcomes (body weight, body mass index,
fat mass and lean mass, score on nutritional tests,
etc.),22,42,48,52 and adverse outcomes23,41,42,44,
48,51-54,55 (see Table 7). The presentation of data
regarding secondary outcomes followed the categories
of interventions provided above.
All physical exercise programs delivered in classes
focused on the outcomes of functional capacity/mobil-
ity. These were a multicomponent exercise program,41
resistance training with nutrition consultation,42 and a
functional circuit-training program.46 All were shown
to have beneficial effects on the functional capacity or
mobility outcomes. More specifically, the multicom-
ponent exercise program41 provided to institutional-
ized patients improved Timed Up and Go Test
(TUGT)performance with single and dual tasks, asJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWwell as rise from chair and balance. This multicompo-
nent exercise program also enhanced high-density
muscle cross-sectional area, reduced incidence of falls
and postponed deterioration in ADLs.41 The func-
tional circuit-training program46 delivered to frail
older adults improved balance and gait performance,
lower body strength and physical functions assessed by
Modified TUGT. The positive effects of a functional
circuit-training program were observed either immedi-
ately after the intervention (at week 12) or in follow-up
assessments (at week 36). The intervention combining
resistance training with nutrition consultation,42 devel-
oped with frail older adults from the community, was
revealed to be beneficial for balance and lower body
strength. The improvement in balance was observed
immediately after the intervention, and maintained up
to nine months after the intervention. The improve-
ment in lower body strength was observed only imme-
diately after the intervention, showing significant
decrease from baseline in follow-up assessment. The
resistance training with nutrition consultation42 also
had a positive impact on ADLs immediately after the
intervention. Moreover, the follow-up assessments
revealed that this intervention significantly increased
levels of 25(OH) Vitamin D and decreased body mass
index and fat free mass. On the other hand, resistanceCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 186
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SYSTEMATIC REVIEW J. Apo´stolo et al.training with nutrition consultation had no influence
on quality of life, mental health-related outcomes
(assessed based on Primary Care Evaluation of Mental
Disorders), cognitive performance (assessed based
on Mini-Mental State Examination) or health care
resource utilization.42 The physical exercise sessions
with placebo supplementation, provided to commu-
nity dwelling older women,49 were shown to have a
positive impact on TUGT scores. In this study49 skele-
tal muscle mass or leg muscle mass were also measured,
but changes observed on these outcomes were not
significant.
Regarding two exercise programs delivered in clas-
ses and followed by home-based practice (resistance
and balance training53 and Tai Chi55), both were
examined from the perspective of adverse outcomes
(falls incidence53,55 and number of hospitalizations53).
The study on Tai Chi55 revealed that this intervention
was effective for reducing the risk ratio for falls inci-
dence. In comparison, the resistance and balance train-
ing53 was shown to have no impact (either short-term
or long-term) on falls incidence or number of hospital-
izations. In the study on resistance and balance train-
ing,53 outcomes of dependency in ADLs and in
instrumental ADLs were also considered. The differ-
ences observed between intervention and the control
groups in the course of the intervention, immediately
after the intervention and at six month follow up, were
shown to be non-significant.
The study on computerized balance training55
performed individually with supervision in the sam-
ple of community dwelling older adults focused on
the outcome of falls incidence. Between-group anal-
ysis indicated no significant difference in changes in
the fall-related outcomes between the intervention
and control groups.
In the study describing a home-based exercise
program43 developed with housebound older adults,
the outcomes of quality of life, depression and ADLs
were considered. Between-group analyses (per-
formed immediately after 12-week intervention
and 12 months after randomization) showed no
difference on any of these outcomes.
Providing nutritional supplements alone, including
MFGM49 and protein-energy formula,23 had signifi-
cant positive effects on outcomes related to functional
capacity/mobility, but not on outcomes related to
body composition, including skeletal muscle mass,49
leg muscle mass49 and mid-arm circumference.23 Pro-
tein-energy supplementation also had no impact onJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWthe serum level of blood urea nitrogen and creatinine
clearance. In relation to the intervention increasing
protein-calorie and micronutrients intake,53 the sec-
ondary outcomes were dependency in ADLs and in
instrumental ADLs, self-reported hospitalizations
and self-reported falls. Between-group analyses con-
ducted in the course of the intervention, immediately
after the intervention and at 12 months showed that
the frequency of occurrence of these outcomes in the
intervention group was not significantly different to
frequency observed in the control condition.
The secondary outcomes of interest examined
for the intervention based on hormone replacement
with atamestane and/or dehydroepiandrosterone52
included ADLs, cognition, nutrition-related out-
comes (such as body mass index, lean body mass
and fat body mass), bone mineral density, and serum
concentration of total testosterone, estradiol and
dehydroepiandrosterone. In addition, data regarding
indicators of generalized atherosclerosis was col-
lected. The analysis of differences between placebo
and study agent indicated a post-intervention increase
in body mass index in the atamestane and dehydro-
epiandrosterone (DHEA) groups. Comparatively, the
body mass index of the placebo group significantly
decreased from baseline. The changes on the other
outcomes were not statistically significant.
Secondary outcomes examined in the studies
describing interventions based on individually tailored
management of clinical condition21,29,32,44,50 were:
quality of life21,44 and health-related quality of life,32
independency in ADLs,29,50 probability of survival,44
and health care resource utilization.44 The study
describing a six-month intervention developed with
frail or pre-frail older adults50 examining the outcome
of independency in ADLs was revealed to be not
effective for this outcome of interest. On the other
hand, continuum care by multi-professional team
delivered to older adults discharged from emergency
departments29 was shown to improve independency in
ADLs up to one year and, simultaneously, to postpone
dependency in ADLs up to six months. The study
presenting data on effectiveness of the multifactorial
interdisciplinary intervention for the health-related
quality of life32 has shown that the post-intervention
changes observed in the intervention group are not
significantly different from those observed in the con-
trol group. In the study describing client-centered,
individually tailored activity oriented program21 data
related to different dimensions of quality of life wasCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 187
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to community care as usual, was shown to improve all
analyzed dimensions of quality of life, with the excep-
tion of mental health for which a score decrease of 0.1
was observed. However, only the change on bodily
pain dimension was statistically significant. Finally, the
geriatric evaluation and management of clinical con-
ditions developed with inpatients and outpatients from
the Veterans Affairs Medical Centers44 were shown to
have a significant impact on some dimensions of qual-
ity of life, but not on probability of survival, namely, at
discharge the participants from the inpatient interven-
tion group, as compared to inpatient usual care, were
found to have lower decrease in dimensions of general
function and general health, and improvement in
dimensions of bodily pain and energy. Between-group
differences in bodily pain were maintained 12 months
after the intervention. Regarding groups of outpa-
tients, those who received geriatric evaluation and
management of clinical condition were shown to have
a lower decrease in general health at discharge and at
follow-up at 12 months, lower decrease in energy at
discharge and improvement in energy at follow-up at
12 months, and improvement in mental health at
follow-up at12 months. The study authors44 also eval-
uated health care resource utilization. The participants
in the inpatient intervention group, as compared with
the participants in the inpatient control group, spent
more days in hospital, had longer initial hospitalization
and higher number of medical and surgical consulta-
tions, but they spent less days in long-term care. Differ-
ences in health care resource utilization between
outpatient groups were not significant.
The secondary outcomes included in the study
examining the effectiveness of multi-professional
senior meetings47 were self-rated health and ADLs.
The multi-professional senior meetings, as compared
to the ordinary range of community services, delayed
deterioration on both self-rated health and ADLs.
The significant positive effect on maintaining inde-
pendency in ADLs was also found when multi-pro-
fessional senior meetings were compared with a
single preventive home visit. The study, describing
a group session51 conducted with participants not at
risk of frailty and an individual educational session51
by a geriatrician conducted with participants at risk
of frailty, focused on the outcome of depression and
adverse outcomes such as death, admission to nurs-
ing home and admission to home care program. The
post-intervention assessment indicated that theJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWproportion of participants at risk of depression
was significantly higher in the control group receiv-
ing usual care than the intervention groups. Regard-
ing adverse outcomes, the significant differences
were found only for the subgroups of participants
at risk of frailty, with participants from the control
group showing higher risk of death, admission to
nursing home or admission to home care program.
The study describing 18-month home visits by
nurses54 provided data about healthcare resource uti-
lization (including hospital admittance) and adverse
outcomes (such as acute hospital visit, institutionaliza-
tion and mortality). Between-group analyses revealed
no statistically significant difference on any of the
outcomes measures. However, when the subgroup
analysis based on scores in self-rated health and num-
ber of comorbid chronic conditions were conducted,
some relevant effects were observed. Namely, partic-
ipants from the intervention group who achieved the
poorest score in self-rated health had a higher risk of
hospital admission, and participants from the interven-
tion group that had two or more chronic conditions
had a higher risk of acute hospital visits. The study
describing single preventive home visit by a trained
professional47 presented data on self-rated health and
ADLs. The assessment conducted at three months
indicated that a single preventive home visit, as com-
pared to theordinary range of community services,was
more likely to postpone deterioration in self-rated
health, but not in ADLs.
Six month cognitive training developed with com-
munity dwelling frail older adults53 was shown to
have no beneficial effects on dependency in ADLs
and in instrumental ADLs, self-reported hospital-
izations and self-reported falls.
No significant differences on healthcare-resource
utilization were also reported in relation to problem
solving therapy provided to community dwelling frail
older adults.42 On the other hand, in the problem
solving therapy group, body mass index and fat free
mass decreased significantly from baseline, and the
levels of 25(OH) Vitamin D increased significantly
(all at 12 months). Moreover, this therapy had signifi-
cant positive effects on mental health-related out-
comes, quality of life and ADLs (all at three months)
and functional capacity/mobility (at three, six and 12
months). However, in comparison to the control con-
dition consisting of educational booklets, only follow-
up changes on outcomes related to functional capacity/
mobility were shown to be significant.42COPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 188
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ventions the secondary outcomes of interest were
self-rated health status,48 cognitive performance,48
mental health-related outcomes,48 nutrition-related
outcomes,48 dependency in ADLs and in instrumen-
tal ADLs,53 functional capacity/mobility,22,48,49
body composition parameters49 and adverse out-
comes.48,53 In the study examining the effectiveness
of treatment consisting of nutritional, physical and
cognitive components,53 the changes on secondary
outcomes (including dependency in ADLs and in
instrumental ADLs, self-reported hospitalizations
and self-reported falls) were assessed three times,
in the course of the intervention (at three months),
immediately after the intervention (at six months)
and at the follow-up at six months. At no point were
significant differences from the control condition
(standard care plus placebo) observed. Both studies
describing exercise programs with supplementa-
tion22,49 focused on the outcomes of functional
capacity/mobility. The MFGM supplementation
with exercise training provided to women from
the community49 was shown to have a positive
impact on functional capacity/mobility and someTable 7: Effectiveness of interventions described in
Study
Intervention/
control condition Secondary outcomes
Bonnefoy,
et al., 201222
Home based exer-
cise program with
dietary protein
supplementation
(n¼53)
At baseline (Median, 1st quartile; 3rd quart
- BMI (kg/m2): 24.3 (21.0; 27.0); Fat free
assessment: 25.8 (23.3; 27.0)
- ADL score: 6 (5.5; 6); instrumental ADL
- Get up and go test (mn): 21 (18; 27); W
After 4-month intervention (% variation fr
- BMI (kg/m2): 0.0 (2.4; 2.2); Fat free m
mass: 0.4 (4.7; 6.8); Mini nutritional a
- ADL score: 9 (17.3% degradation); inst
degradation)
- Get up and go test (mn): 5.45 (17.2; 1
(13.7; 16.1); Time for 6-step raise: 0.0
1 min: 0.0 (18.2; 18.2)
No intervention
(n¼49)
At baseline (Median, 1st quartile; 3rd quart
- BMI (kg/m2): 25.0 (23.5; 28.7); Fat free
assessment: 26.0 (24.0; 27.5)
- ADL score: 6 (5.5; 6); instrumental ADL
- Get up and go test (mn): 23 (17; 36); W
After 4-month intervention (% variation fr
- BMI (kg/m2): 0.8 (1.3; 2.2); Fat free m
0.4 (6.2; 2.6); Mini nutritional assess
- ADL score: 6 (13% degradation); instru
degradation)
- Get up and go test (mn): 0.0 (11.5; 15
(19.5; 15.9); Time for 6-step raise: 0.0
1 min: 0.0 (16.7; 15.4)
JBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWhematological parameters. However, this MFGM/
exercise-based intervention49 had no influence on
skeletal muscle mass or leg muscle mass. Regarding
home-based exercise with dietary protein supple-
mentation,22 there were no significant effects on
functional capacity/mobility. On the other hand,
home-based exercise with dietary protein supple-
mentation stabilized body mass index and postponed
deterioration on the mini nutritional assessment
score, and in the instrumental ADLs. Finally, after
continued intervention of music-based multitask
training,48 the community dwelling older adults
who had increased risk of falling had better perfor-
mance on gait speed (in both single and dual tasks)
and balance. They also did better on the TUGT and
five-times-sit-to-stand test. The continued interven-
tion of music-based multitask training also signifi-
cantly reduced risk of falls and multiple falls.
However, this intervention had no effect on self-
rated health status, cognitive performance (assessed
based on Mini-Mental State Examination and
Clock-drawing test), levels of depression and anxi-
ety, and nutrition-related outcomes such as body
mass index or Mini Nutritional Assessment score.48the included studies for secondary outcomes
Significance
ile):
mass: 0.54 (0.52; 0.59); Mini nutritional
score: 7 (6; 8)
alking speed (m/s): 0.7 (0.5; 0.9)
om baseline, 1st and 3rd quartiles):
ass: 1.50 (5.9; 5.7); Fat free
ssessment: 0.0 (5.9; 6.0)
rumental ADL score: 11 (22.9%
3.2); Walking speed (m/s): 0.0
(0.0; 16.7); Number chair rise in
Between group difference:
Body mass index remained
stable in the intervention
group and increased in the
control group (for age and
sex adjusted analysis
p¼ .026)
Mini nutritional assessment
remained stable in the inter-
vention group and
decreased in the control
group (for age and sex
adjusted analysis p¼ .009)
Control group also reduced
significantly instrumental
ADL (for age and sex
adjusted analysis p¼ .05)
Predictors of good compli-
ance:
Significant association
between instrumental ADL
and good compliance was
found ( p¼ .0011)
ile):
mass: 0.55 (0.51; 0.64); Mini nutritional
score: 7 (5; 8)
alking speed (m/s): 0.55 (0.4;0.9)
om baseline, 1st and 3rd quartiles):
ass: 0.0 (5.4; 3.9); Fat free mass:
ment: 1.9 (5.4; 5.8)
mental ADL score: 15 (34.9%
.5); Walking speed (m/s): 0.0
(16.7; 25.0); Number chair rise in
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Table 7. (Continued)
Study
Intervention/
control condition Secondary outcomes Significance
Cadore et al.,
201441
Multicomponent
exercise program
(n¼11)
At baseline (mean SD):
- TUGT (s): 19.9 8.0; Raise from a chair: 6.24.1; Balance: 0.440.5
- Gait velocity arithmetic task (m s1):0.60 0.08; Cognitive score (arithmetic):
2.1 0.9; Gait velocity verbal task (m s1): 0.530.06; Cognitive score (verbal):
5.6 1.7
- TUGT arithmetic task (m s1):23.811.4; Cognitive score (arithmetic): 2.30.9;
TUG verbal task (m s1): 25.711.5; Cognitive score (verbal): 6.2 3.0
- Falls incidence: 0.770.44
- Muscle cross sectional area quadriceps femoris total (mm2): 6.7381.609; Muscle
cross sectional area knee flexor total (mm2): 2.256725
After 12-week intervention (mean SD):
- TUGT (s): 18.87.9; Raise from a chair: 9.86.0; Balance: 0.660.5
- Gait velocity arithmetic task (m s1):0.610.07; Cognitive score (arithmetic):
2.6 0.5; Gait velocity verbal task (m s1): 0.590.06; Cognitive score (verbal):
5.6 1.0
- TUGT arithmetic task (m s1):20.77.0; Cognitive score (arithmetic): 2.41.0; TUG
verbal task (m s1): 22.48.5; Cognitive score (verbal): 6.52.7
- Falls incidence: 0.00.0
- Barthel Index deterioration 0.090.30
- Muscle cross sectional area quadriceps femoris total (mm2): 7.0041.700; Muscle
cross sectional area knee flexor total (mm2): 2.436685
Group x time interaction:
TUGT p< .01
Rise from a chair p< .01
Balance p< .05
TUGT verbal task p< .01
Incidence of falls p< .001
Muscle cross sectional area
quadriceps femoris total
p< .05
Muscle cross sectional area
knee flexor total p< .01
Between group difference:
After training the control
group was shown to be
significantly more deterio-
rated on ADLs and to have
significantly higher inci-
dence of falls ( p<0.001).
Within group change:
In the intervention group
improvement on TUGT e
TUGT verbal task (both
p< .05), raise from a chair
( p< .01) and falls incidence
( p< .001), and increase in
muscle cross sectional area
quadriceps femoris total
( p< .05) and muscle cross
sectional area knee flexor
total ( p< .01)
In the control group
decrease in gait velocity
arithmetic and verbal tasks
(both p< .05)
Mobility exercises
(n¼13)
At baseline (mean SD):
- TUGT (s): 18.4 5.1; Raise from a chair: 6.33.4; Balance: 0.360.5
- Gait velocity arithmetic task (m s1):0.56 0.05; Cognitive score (arithmetic):
2.2 0.8; Gait velocity verbal task (m s1): 0.500.05; Cognitive score (verbal):
5.5 1.8
- TUGT arithmetic task (m s1):22.76.2; Cognitive score (arithmetic): 1.81.0; TUG
verbal task (m s1): 22.85.0; Cognitive score (verbal): 6.72.7
- Falls incidence: 0.930.3
- Muscle cross sectional area quadriceps femoris total (mm2): 6.8791.107; Muscle
cross sectional area knee flexor total (mm2): 2.485679
After 12-week intervention (mean SD):
- TUGT (s): 21.86.3; Raise from a chair: 5.43.9; Balance: 0.30.5
- Gait velocity arithmetic task (m s1):0.490.06; Cognitive score (arithmetic):
2.1 0.9; Gait velocity verbal task (m s1): 0.460.06; Cognitive score (verbal):
5.6 1.7
- TUGT arithmetic task (m s1):23.57.4; Cognitive score (arithmetic): 1.90.8; TUG
verbal task (m s1): 26.18.2; Cognitive score (verbal): 6.61.0
- Falls incidence: 0.80.4
- Barthel Index deterioration 0.600.52
- Muscle cross sectional area quadriceps femoris total (mm2): 6.7201.071; Muscle
cross sectional area knee flexor total (mm2): 2.375561
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Table 7. (Continued)
Study
Intervention/
control condition Secondary outcomes Significance
Chan et al.,
201242
Exercise and
nutrition
consultation
(n¼55)
At baseline (mean SD):
- MMSE: 24.83.9; PRIME-MD: 2.13.2; Barthel Index: 98.8 3.7; EQ-5D:
0.94 0.08; Health resource utilization: 1.51.7
- BMI (kg/m2): 25.03.3; Fat free mass: 42.3 7.0
- Bone mineral density > -1: 25%; Bone mineral density  -1: 75%
- Left one leg stand time (sec): 5.76.9; Dominant leg extension power: 26.35.1
- 25(OH) Vitamin D (ng/mL): 17.85.3
After 3-month intervention (change from baseline, mean SD):
- PRIME-MD: 0.962.92; Barthel Index: 1.093.81; EQ-5D: 0.020.08; Health
resource utilization: 0.041.36
- Left one leg stand time (sec): 2.869.19; Dominant leg extension power: 3.067.13
6 months after baseline assessment (change from baseline, mean SD):
- PRIME-MD: 0.052.84; Barthel Index: 0.362.33; EQ-5D: 0.0040.12; Health
resource utilization: 0.601.81
- Left one leg stand time (sec): 2.578.39; Dominant leg extension power: 3.699.15
12 months after baseline assessment (change from baseline, mean SD):
- MMSE: 0.15 2.53; PRIME-MD: 0.163.17; Barthel Index: 0.552.99; EQ-5D:
0.01 0.09; Health resource utilization: 0.051.8
- BMI (kg/m2): 0.311.19; Fat free mass: 0.461.36
- Bone mineral density > 1: 26%; Bone mineral density  1: 74%
- Left one leg stand time (sec): 3.699.15; Dominant leg extension power:
6.4410.08
- 25(OH) Vitamin D (ng/mL): 4.857.69
Between group change:
Exercise and nutrition con-
sultation vs educational
booklet
- Bone mineral density
- 25(OH) Vitamin D
Problem solving therapy vs
educational booklet
- Dominant leg extension
power at 6 and 12 months
Within group change from
baseline:
Exercise and nutrition con-
sultation group:
- at 3 months Barthel
Index, one leg stand time
(both p< .05), dominant leg
extension power (p< .01)
- at 6 months one leg
stand time ( p< .05)
- at 12 months BMI, fat
free mass (both p< .05),
one leg stand time
( p< .01), dominant leg
extension power and
25(OH) Vitamin D (both
p< .001)
Problem solving therapy
group:
- at 3 months PRIME-
MD, Barthel Index (both
p< .05), dominant leg
extension power (p< .001)
- at 6 months one leg
stand time ( p< .05), and
dominant leg extension
power ( p< .01)
- at 12 months BMI
( p< .05), fat free mass and
dominant leg extension
power (both p< .01), one
leg stand time and 25(OH)
Vitamin D ( p< .001)
Educational booklet group
(control condition for exer-
cise and nutrition and con-
sultation):
- at 3 months EQ-5D and
dominant leg extension
power (both p< .05),
PRIME-MD and Barthel
Index (both p< .01)
- at 12 months fat free
mass and one leg stand time
(both p< .01), dominant leg
extension power (p< .001)
Educational booklet group
(control condition for prob-
lem solving therapy):
- at 3 months EQ-5D and
Barthel Index (both p< .01)
- at 12 months fat free
mass and one leg stand time
(both p< .05), 25(OH)
Vitamin D ( p< .001), dom-
inant leg extension power
( p< .001)
Problem solving
therapy
(n¼57)
At baseline (mean SD):
- MMSE: 24.73.8; PRIME-MD: 2.73.3; Barthel Index: 98.2 5.4; EQ-5D:
0.95 0.08; Health resource utilization: 1.61.7
- BMI (kg/m2): 25.03.8; Fat free mass: 42.2 7.3
- Bone mineral density > 1: 23%; Bone mineral density  1: 77%
- Left one leg stand time (sec): 5.36.7; Dominant leg extension power: 23.96.5
- 25(OH) Vitamin D (ng/mL): 17.95.5
After 3-month intervention (change from baseline, mean SD):
- PRIME-MD: 1.323.64; Barthel Index: 1.053.98; EQ-5D: 0.010.09; Health
resource utilization: 0.07 1.67
- Left one leg stand time (sec): 2.388.91; Dominant leg extension power: 3.427.36
6 months after baseline assessment (change from baseline, mean SD):
- PRIME-MD: 0.422.96; Barthel Index: 0.884.13; EQ-5D: 0.00010.09; Health
resource utilization: 0.421.74
- Left one leg stand time (sec): 3.108.93; Dominant leg extension power: 2.716.08
12 months after baseline assessment (change from baseline, mean SD):
- MMSE: 0.05 2.35; PRIME-MD: 0.773.27; Barthel Index: 0.883.29; EQ-5D:
0.01 0.07; Health resource utilization: 0.392.05
- BMI (kg/m2): 0.361.15; Fat free mass: 0.591.30
- Bone mineral density > 1: 20%; Bone mineral density  1: 80%
- Left one leg stand time (sec): 4.3110.23; Dominant leg extension power:
3.529.65
- 25(OH) Vitamin D (ng/mL): 3.47.80
Educational book-
let (control condi-
tion for exercise
and nutrition con-
sultation)
(n¼62)
At baseline (mean SD):
- MMSE: 24.13.9; PRIME-MD: 2.83.5; Barthel Index: 97.9 5.4; EQ-5D:
0.94 0.08; Health resource utilization: 1.72.2
- BMI (kg/m2): 25.83.9; Fat free mass: 43.6 7.9
- Bone mineral density > 1: 16%; Bone mineral density  1: 84%
- Left one leg stand time (sec): 5.85.9; Dominant leg extension power: 25.26.8
- 25(OH) Vitamin D (ng/mL): 17.26.2
After 3-month intervention (change from baseline, mean SD):
- PRIME-MD: 1.294.50; Barthel Index: 1.534.11; EQ-5D: 0.030.08; Health
resource utilization: 0.35 2.70
- Left one leg stand time (sec): 0.929.01; Dominant leg extension power: 1.726.6
6 months after baseline assessment (change from baseline, mean SD):
- PRIME-MD: 0.654.03; Barthel Index: 0.734.78; EQ-5D: 0.0040.12; Health
resource utilization: 0.032.55
- Left one leg stand time (sec): 1.818.47; Dominant leg extension power: 1.357.00
12 months after baseline assessment (change from baseline, mean SD):
- MMSE: 0.062.52; PRIME-MD: 0.773.65; Barthel Index: 0.893.68; EQ-5D:
0.02 0.10; Health resource utilization: 0.032.44
- BMI (kg/m2): 0.181.05; Fat free mass: 0.621.84
- Bone mineral density > 1: 11%; Bone mineral density  1: 89%
- Left one leg stand time (sec): 3.439.15; Dominant leg extension power:
4.448.59
- 25(OH) Vitamin D (ng/mL): 1.195.41
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Table 7. (Continued)
Study
Intervention/
control condition Secondary outcomes Significance
Educational book-
let (control condi-
tion for problem
solving therapy)
(n¼60)
At baseline (mean SD):
- MMSE: 24.24.0; PRIME-MD: 2.33.4; Barthel Index: 98.4 4.0; EQ-5D:
0.93 0.08; Health resource utilization: 1.72.2
- BMI (kg/m2): 25.83.5; Fat free mass: 43.7 7.6
- Bone mineral density > 1: 17%; Bone mineral density  -1: 83%
- Left one leg stand time (sec): 6.26.0; Dominant leg extension power: 27.45.1
- 25(OH) Vitamin D (ng/mL): 17.26.0
After 3-month intervention (change from baseline, mean SD):
- PRIME-MD: 0.974.03; Barthel Index: 1.583.96; EQ-5D: 0.030.08; Health
resource utilization: 0.27 2.58
- Left one leg stand time (sec): 1.349.34; Dominant leg extension power: 1.336.32
6 months after baseline assessment (change from baseline, mean SD):
- PRIME-MD: 0.324.00; Barthel Index: 0.253.50; EQ-5D: 0.0010.14; Health
resource utilization: 0.182.65
- Left one leg stand time (sec): 1.307.84; Dominant leg extension power: 0.186.68
12 months after baseline assessment (change from baseline, mean SD):
- MMSE: 0.02 2.69; PRIME-MD: 0.223.58; Barthel Index: 0.583.46; EQ-5D:
0.02 0.11; Health resource utilization: 0.282.25
- BMI (kg/m2): 0.131.08; Fat free mass: 0.501.90
- Bone mineral density > 1: 17%; Bone mineral density  1: 83%
- Left one leg stand time (sec): 2.847.92; Dominant leg extension power:
7.148.74
- 25(OH) Vitamin D (ng/mL): 2.495.85
Clegg, et al.,
201443
Home-based exer-
cise program
(n¼40)
At baseline (mean SD):
- Barthel Index: 15.9 3.7; EQ-5D: 0.530.30; GDS-15: 3.82.7
After 12-week intervention (mean SD):
- Barthel Index: 15.6 4.0; EQ-5D: 0.510.34; GDS-15: 3.43.3
Between group change: no
significant difference
Usual care
(n¼30)
At baseline (mean SD):
- Barthel Index: 15.8 4.1; EQ-5D: 0.520.25; GDS-15: 5.03.2
After 12-week intervention (mean SD):
- Barthel Index: 15.0 4.0; EQ-5D: 0.460.26; GDS-15: 4.83.0
Cohen, et al.,
200244
Inpatient geriatric
care in multidisci-
plinary evaluation
and management
units
(not clear)
At baseline vs After intervention (mean change in score):
- SF-36 subscales Physical Functioning: 1.5; Physical limitations: 4.5; Emotional
limitations: 13.0; Bodily pain: 15.3; Energy: 0.8; Mental health: 0.3; Social activity:
2.7; General health: 0.02
At baseline vs 12 months after randomization (mean change in score):
- SF-36 subscales Physical Functioning: 6.7; Physical limitations: 34.0; Emotional
limitations: 22.0; Bodily pain: 24.9; Energy: 4.5; Mental health: 4.5; Social activity:
18.3; General health: 5.5
- Probability of survival: 78.4%1.6;
- Number of days in the hospital: 35.31.4; number of days of initial hospitalization:
23.2 1; number of medical consultations: 2.8 (SD not provided); number of surgical
consultations: 2.1 (SD not provided); number of days in long-term care: 15.01.8
Between group change:
In the inpatient groups
- at discharge: physical
functioning (p¼ .006),
bodily pain ( p¼ .001),
energy ( p¼ .01), and gen-
eral health ( p¼ .006)
- at 12 months: bodily
pain ( p¼ .01)
- intervention group had
greater number of days in
the hospital and longer ini-
tial hospitalization (both
p< .001), and also higher
number of medical and sur-
gical consultations (both
p< .001), but lower number
of days in long term care
( p¼ 0.03)
In the outpatient groups
- at discharge: energy
( p¼ .02) and general health
( p¼ .04)
- at 12 months: energy
( p¼ .009), mental health
( p¼ .001) and general
health ( p¼ .01)
Outpatient care in
geriatric evalua-
tion and manage-
ment clinics
(not clear)
At baseline vs after intervention (mean change in score):
- SF-36 subscales Physical Functioning: 3.7; Physical limitations: 5.9; Emotional
limitations: 13.4; Bodily pain: 11.9; Energy: 0.8; Mental health: 0.6; Social activity:
2.4; General health: 0.5
At baseline vs 12 months after randomization (mean change in score):
- SF-36 subscales Physical Functioning: 6.8; Physical limitations: 31.3; Emotional
limitations: 22.1; Bodily pain: 21.9; Energy: 5.4; Mental health: 6.3; Social activity:
18.3; General health: 4.4
- Probability of survival: 78.0%1.6
- Number of days in long-term care: 15.4 1.8
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Table 7. (Continued)
Study
Intervention/
control condition Secondary outcomes Significance
Usual inpatient
care
(not clear)
At baseline vs after intervention (mean change in score):
- SF-36 subscales Physical Functioning: 5.4; Physical limitations: 4.7; Emotional
limitations: 12.0; Bodily pain: 9.2; Energy: 2.6; Mental health: 1.5; Social activity:
1.0; General health: 3.4
At baseline vs 12 months after randomization (mean change in score):
- SF-36 subscales Physical Functioning: 4.5; Physical limitations: 29.8; Emotional
limitations: 20.3; Bodily pain: 20.0; Energy: 1.8; Mental health: 2.5; Social activity:
16.4; General health: 7.1
- Probability of survival: 78.8%1.6
- Number of days in the hospital: 28.31.4; number of days of initial hospitalization:
15.0 0.9; number of medical consultations: 1.3 (SD not provided); number of
surgical consultations: 1.2 (SD not provided); number of days in long-term care:
17.1 1.8
Usual outpatient
care
(not clear)
At baseline vs after intervention (mean change in score):
- SF-36 subscales Physical Functioning: 3.2; Physical limitations: 3.2; Emotional
limitations: 11.6; Bodily pain: 12.8; Energy: 2.5; Mental health: 1.2; Social activity:
1.2; General health: 2.9
At baseline vs 12 months after randomization (mean change in score):
- SF-36 subscales Physical Functioning: 4.5; Physical limitations: 32.5; Emotional
limitations: 20.2; Bodily pain: 22.9; Energy: 1.0; Mental health: 0.8; Social activity:
16.4; General health: 8.2
- Probability of survival: 79.2%1.5
- Number of days in long-term care: 16.8 1.8
Eklund, et al.,
201329
Continuum Care
by multi-profes-
sional team
(n¼85)
At baseline:
- ADL independent in all activities: 20%
3 months after discharge:
- ADL improvement: 42%; ADL maintained level: 38%; ADL decrease: 20%
6 months after discharge:
- ADL improvement: 36%; ADL maintained level: 32%; ADL decrease: 31%
12 months after discharge:
- ADL improvement: 39% ADL maintained level: 24%; ADL decrease: 38%
Between group change:
Intervention group as com-
pared to controls was more
likely to improve degree of
ADL independence at 3 and
12 months (OR¼2.37,
95% CI 1.20–4.68;
OR¼ 2.04, 95% CI 1.03–
4.06, respectively), and less
likely to decrease degree of
ADL independence at 3 and
6 months (OR¼0.51, 95%
CI 0.25–1.04; OR¼0.52,
95% CI 0.27–0.98, respec-
tively)
Usual care
(n¼76)
At baseline:
- ADL independent in all activities: 26%
3 months after discharge:
- ADL improvement: 24%; ADL maintained level: 43%; ADL decrease: 33%
6 months after discharge:
- ADL improvement: 28%; ADL maintained level: 26%; ADL decrease: 46%
12 months after discharge:
- ADL improvement: 24%; ADL maintained level: 29%; ADL decrease: 47%
Fairhall, et al.,
201532
Multifactorial
interdisciplinary
intervention
(n¼120)
At baseline: (mean SD):
- EQ-5D: 0.670.23
At 3 months:
- EQ-5D: 0.560.31
At 12 months:
- EQ-5D: 0.490.32
Between group change: no
significant difference
Usual care
(n¼121)
At baseline: (mean SD):
- EQ-5D: 0.660.23
At 3 months:
- EQ-5D: 0.470.34
At 12 months:
- EQ-5D: 0.470.34
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Table 7. (Continued)
Study
Intervention/
control condition Secondary outcomes Significance
Gine´-Garriga,
et al., 201046
Functional circuit-
training program
(n¼22)
At baseline (mean SD):
- Balance - semitandem (s): 6.670.63; tandem (s): 3.210.67; single leg (s):
2.390.57
- Gait – normal speed (m/s): 0.820.04; fast speed (m/s): 1.110.06
- Modified TUGT – assessment questionnaire: 9.320.40; total time (s): 38.041.32;
stand up (s): 2.590.17; ball kick time (s): 3.000.28; kick 8 m (s): 14.760.80; total
time kick (s): 24.280.83; left knee extensor maximal voluntary contraction (Nm/kg):
0.770.06
After 12-week intervention (mean SD):
- Balance - semitandem (s): 9.270.63; tandem (s): 6.600.67; single leg (s): 6.600.57
- Gait – normal speed (m/s): 0.940.04; fast speed (m/s): 1.280.06
- Modified TUGT – assessment questionnaire: 11.820.40; total time (s): 35.041.32;
stand up (s): 2.020.17; ball kick time (s): 2.800.28; kick 8 m (s): 12.27 0.80; total
time kick (s): 22.770.83; left knee extensor maximal voluntary contraction (Nm/kg):
0.920.06
At 36 weeks (mean SD):
- Balance - semitandem (s): 8.490.68; tandem (s): 5.400.72; single leg (s): 3.100.64
- Gait – normal speed (m/s): 0.880.04; fast speed (m/s): 1.230.06
- Modified TUGT – assessment questionnaire: 10.280.42; total time (s): 37.501.32;
stand up (s): 2.550.18; ball kick time (s): 2.970.30; kick 8 m (s): 13.90 0.81; total
time kick (s): 23.400.85; left knee extensor maximal voluntary contraction (Nm/kg):
0.820.06
Group x time interaction:
Semitandem p< .01
For week 0 – week 12
p< .001
For week 0 – week 36
p¼ .021
Tandem p¼ .003
For week 0 – week 12
p< .001
For week 0 – week 36
p¼ .001
Single leg p< .001
For week 0 – week 12
p< .001
For week 12 – week 36
p< .001
Gait normal speed p< .001
For week 0 – week 12
p< .001
For week 0 – week 36
p¼ .003
For week 12 – week 36
p¼ .002
Gait fast speed p< .001
For week 0 – week 12
p< .001
For week 0 – week 36
p< .001
TUGT assessment question-
naire p< .001
For week 0 – week 12
p< .001
0 – week 36 p¼ .009
For week 12 – week 36
p< .001
TUGT total time p< .001
For week 0 – week 12
p< .001
For week 0 – week 36
p¼ .01
12 – week 36 p< .001
TUGT stand up p¼ .001
For week 0 – week 12
p¼ .001
For week 12 – week 36
p¼ .005
TUGT kick 8 m p< .001
For week 0 – week 12
p< .001
For week 12 – week 36
p< .001
TUGT total time kick
p< .001
For week 0 – week 12
p¼ .001
Left knee extensor maximal
voluntary contraction
p< .001
For week 0 – week 12
p< .001
For week 12 – week 36
p¼ .031
Health education
meeting and usual
care
(n¼19)
At baseline (mean SD):
- Balance - semitandem (s): 7.260.68; tandem (s): 3.110.73; single leg (s):
2.050.62
- Gait – normal speed (m/s): 0.820.04; fast speed (m/s): 1.130.06
- Modified TUGT – assessment questionnaire: 8.630.44; total time (s): 39.341.42;
stand up (s): 2.910.18; ball kick time (s): 3.730.31; kick 8 m (s): 14.220.86;
total time kick (s): 25.440.89; left knee extensor maximal voluntary contraction
(Nm/kg): 0.750.06
After 12-week intervention (mean SD):
- Balance - semitandem (s): 6.230.68; tandem (s): 1.980.73; single leg (s):
1.980.62
- Gait – normal speed (m/s): 0.800.04; fast speed (m/s): 1.070.06
- Modified TUGT – assessment questionnaire: 8.370.44; total time (s): 41.341.42;
stand up (s): 3.180.18; ball kick time (s): 3.820.31; kick 8 m (s): 14.750.86;
total time kick (s): 26.590.89; left knee extensor maximal voluntary contraction
(Nm/kg): 0.710.06
At 36 weeks (mean SD):
- Balance - semitandem (s): 4.340.97; tandem (s): 1.640.96; single leg (s):
0.380.65
- Gait – normal speed (m/s): 0.810.04; fast speed (m/s): 1.080.07
- Modified TUGT – assessment questionnaire: 8.370.55; total time (s): 41.951.44;
stand up (s): 3.440.25; ball kick time (s): 3.860.38; kick 8 m (s): 14.660.95;
total time kick (s): 26.271.01; left knee extensor maximal voluntary contraction
(Nm/kg): 0.610.07
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Table 7. (Continued)
Study
Intervention/
control condition Secondary outcomes Significance
Gustafsson,
et al., 201247
Multi-professional
senior group
(n¼171)
At baseline vs 3 months after intervention:
- No deterioration in self-related health: 88%
- No deterioration in ADLs: 79%
Between group change:
Preventive visit group as com-
pared to controls was more
likely to no deteriorate in
self-rated health (OR¼2.21,
95% CI 1.12–4.37, p¼ .02);
Senior meetings group as
compared to controls was
more likely to no deteriorate
in self-rated health
(OR¼1.81, 95% CI 0.93–
3.49, p¼ .08) and ADLs
(OR¼1.95, 95% CI 1.14–
3.33, p¼ .01)
Senior meetings group as
compared to preventive visit
group was more likely to
maintain independence in
ADLs (OR¼1.92, 95% CI
1.19–3.12, p¼ .01)
Single preventive
home visit
(n¼174)
At baseline vs 3 months after intervention:
- No deterioration in self-related health: 90%
- No deterioration in ADLs: 66%
Ordinary range of
community ser-
vices
(n¼114)
At baseline vs 3 months after intervention:
- No deterioration in self-related health: 81%
- No deterioration in ADLs: 66%
Hars et al.,
201448
Continued inter-
vention of music-
based multitask
training
(n¼23)
At baseline (mean SD):
- BMI (kg/m2): 25.34.0
- History of falls after 65 years: 96%; falls in the past 12 months: 57%; medication >
4: 39%
- Physical activity level (kcal/week): 23041010; SF-12: 31.41.9; Mini Nutritional
Assessment: 12.81.3; HADS: 10.75.8; MMSE: 27.12.4; Clock-drawing test:
9.0 1.7; self-rated health status: 2.60.8
- Single Task Condition - Gait speed velocity (cm/s): 111.519.4; Dynamic balance
double support phase (%): 22.63.2; Dynamic balance support base (cm): 7.1 2.5
- Dual Task Condition - Gait speed velocity (cm/s): 93.227.2;
- One-legged stance task (s): 7.33.3; TUGT (s): 9.72.2; Simplified Tinetti test:
0.30.5
After 1-year intervention (mean SD):
- BMI (kg/m2): 25.13.8
- History of falls after 65 years: 96%; falls in the past 12 months: 52%; medication >
4: 43%
- Physical activity level (kcal/week): 2312999; SF-12: 31.92.3; Mini Nutritional
Assessment: 12.51.8; HADS: 9.44.9; MMSE: 28.02.2; Clock-drawing test:
8.4 1.7; self-rated health status: 2.70.9
- Single Task Condition - Gait speed velocity (cm/s): 113.319.0; Dynamic balance
double support phase (%): 20.53.9; Dynamic balance support base (cm): 6.7 2.3
- Dual Task Condition - Gait speed velocity (cm/s): 97.919.5;
- One-legged stance task (s): 8.82.0; TUGT (s): 9.31.9; Simplified Tinetti test:
0.0 0.2; Five-times-sit-to-stand test (s): 11.83.4
3 years after intervention (mean SD):
- BMI (kg/m2): 24.23.8
- History of falls after 65 years: 96%; falls in the past 12 months: 22%; participants
with  1 falls: 70%; participants with  2 falls: 35%; medication > 4: 35%
- Physical activity level (kcal/week): 2022789; SF-12: 31.83.1; Mini Nutritional
Assessment: 13.21.2; HADS: 8.04.8; MMSE: 27.42.3; Clock-drawing test:
8.9 1.4; self-rated health status: 2.70.6
- Single Task Condition - Gait speed velocity (cm/s): 118.321.1; Dynamic balance
double support phase (%): 25.53.0; Dynamic balance support base (cm): 7.4 3.0
- Dual Task Condition - Gait speed velocity (cm/s): 102.722.1;
- One-legged stance task (s): 9.32.0; TUGT (s): 10.02.0; Simplified Tinetti test:
0.1 0.5; Five-times-sit-to-stand test (s): 11.82.6
Between group change:
Continued intervention
group as compared to dis-
continued intervention
group had lower relative
risk of falls (¼ 0.69,
95%CI 0.53–0.91,
p¼ .008) and multiple falls
(¼ 0.53, 95%CI 0.29–0.99,
p¼ .045)
Within group change from
baseline to 4-year follow-
up:
Continued intervention
- gait velocity in single-
task and dual-task condi-
tions, dynamic balance -
double support phase, Sim-
plified Tinetti test (all
p< .05)
Discontinued intervention
- dynamic balance - dou-
ble support phase and sup-
port base, TUGT (all
p< .05)
Linear mixed-effect analysis
on change from 1 year to 4
years:
- Single-task condition
gait speed p< .001
- Dynamic balance double
support phase p¼ .022
- Dual-task condition gait
speed p¼ .012
- One-legged stance task
p¼ .013
- TUGT p¼ .001
- Five-times-sit-to-stand
test p< .001
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Table 7. (Continued)
Study
Intervention/
control condition Secondary outcomes Significance
Discontinued
intervention of
music-based multi-
task training
(n¼29)
At baseline (mean SD):
- BMI (kg/m2): 26.43.5
- History of falls after 65 years: 83%; falls in the past 12 months: 59%; medication >
4: 34%
- Physical activity level (kcal/week): 25011191; SF-12: 30.82.8; Mini Nutritional
Assessment: 12.61.5; HADS: 10.15.3; MMSE: 25.93.1; Clock-drawing test:
8.8 1.0; self-rated health status: 2.70.8
- Single Task Condition - Gait speed velocity (cm/s): 102.116.5; Dynamic balance
double support phase (%): 24.03.4; Dynamic balance support base (cm): 8.4 3.5
- Dual Task Condition - Gait speed velocity (cm/s): 78.517.6;
- One-legged stance task (s): 6.73.4; TUGT (s): 10.52.1; Simplified Tinetti test:
1.0 1.1
After 1-year intervention (mean SD):
- BMI (kg/m2): 26.34.1
- History of falls after 65 years: 90%; falls in the past 12 months: 66%; medication >
4: 45%
- Physical activity level (kcal/week): 25861216; SF-12: 31.92.2; Mini Nutritional
Assessment: 12.61.7; HADS: 9.33.8; MMSE: 27.61.6; Clock-drawing test:
8.7 1.5; self-rated health status: 2.80.8
- Single Task Condition - Gait speed velocity (cm/s): 108.517.4; Dynamic balance
double support phase (%): 22.53.0; Dynamic balance support base (cm): 8.9 3.4
- Dual Task Condition - Gait speed velocity (cm/s): 88.115.9;
- One-legged stance task (s): 8.22.6; TUGT (s): 9.81.8; Simplified Tinetti test:
0.7 1.1; Five-times-sit-to-stand test (s): 12.32.6
3 years after intervention (mean SD):
- BMI (kg/m2): 25.04.9
- History of falls after 65 years: 93%; falls in the past 12 months: 48%; participants
with  1 falls: 86%; participants with  2 falls: 66%; medication > 4: 17%
- Physical activity level (kcal/week): 23791138; SF-12: 31.12.7; Mini Nutritional
Assessment: 13.11.0; HADS: 8.63.4; MMSE: 26.92.3; Clock-drawing test:
9.2 1.2; self-rated health status: 2.80.6
- Single Task Condition - Gait speed velocity (cm/s): 97.917.4; Dynamic balance
double support phase (%): 29.64.2; Dynamic balance support base (cm): 9.4 3.7
- Dual Task Condition - Gait speed velocity (cm/s): 81.518.8;
- One-legged stance task (s): 6.83.4; TUGT (s): 12.73.7; Simplified Tinetti test:
1.0 1.0; Five-times-sit-to-stand test (s): 14.74.1
Kim, et al.,
201549
Milk fat globule
membrane
(MFGM) supple-
mentation
(n¼32)
At baseline (mean SD):
- Skeletal muscle mass (kg): 13.41.7; leg muscle mass (kg): 10.11.3
- Grip strength (kg): 17.52.7; knee extension strength (N): 185.2 52.1; usual
walking speed (s): 4.91.2; TUGT (s): 8.82.8
- BDNF (ng/ml): 6.970.94; (IGFBP3/IGF1)x100: 3.971.36
After 3-month intervention:
- Skeletal muscle mass (kg): 13.271.63; leg muscle mass (kg): 9.233.01
- Grip strength (kg): 18.371.92; knee extension strength (N): 186.4260.47; usual
walking speed (s): 1.080.23; TUGT (s): 10.532.77
- BDNF (ng/ml): 7.111.05; (IGFBP3/IGF1)x100: 4.111.62
4 months after intervention:
- Skeletal muscle mass (kg): 13.541.76; leg muscle mass (kg): 10.231.37
- Grip strength (kg): 16.752.24; knee extension strength (N): 181.2651.38; usual
walking speed (s): 1.110.20; TUGT (s): 7.761.52
- BDNF (ng/ml): 7.391.47; (IGFBP3/IGF1)x100: 4.241.51
Group x Time interaction:
Usual walking speed
p¼ .005 (exercise þ MFGM
> MFGM)
TUGT p< .001 (exercise þ
MFGM, exercise þ placebo
> MFGM, placebo)
(IGFBP3/IGF1)x100
p¼ .013 (ExþMFGM >
placebo)
Exercise R
placebo
(n¼33)
At baseline (mean SD):
- Skeletal muscle mass (kg): 13.81.7; leg muscle mass (kg): 10.51.3
- Grip strength (kg): 17.82.8; knee extension strength (N): 179.1 40.9; usual
walking speed (s): 4.60.9; TUGT (s): 8.22.0
- BDNF (ng/ml): 6.371.44; (IGFBP3/IGF1)x100: 4.181.46
After 3-month intervention:
- Skeletal muscle mass (kg): 14.041.77; leg muscle mass (kg): 10.342.40
- Grip strength (kg): 18.363.28; knee extension strength (N): 188.4547.82; usual
walking speed (s): 1.260.27; TUGT (s): 7.871.83
- BDNF (ng/ml): 7.071.01; (IGFBP3/IGF1)x100: 4.902.46
4 months after intervention:
- Skeletal muscle mass (kg): 14.312.08; leg muscle mass (kg): 10.931.68
- Grip strength (kg): 17.752.9; knee extension strength (N): 190.3246.2; usual
walking speed (s): 1.210.22; TUGT (s): 7.041.45
- BDNF (ng/ml): 7.031.66; (IGFBP3/IGF1)x100: 5.361.73
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Table 7. (Continued)
Study
Intervention/
control condition Secondary outcomes Significance
Exercise R milk
fat globule mem-
brane (MFGM)
supplementation
(n¼33)
At baseline (mean SD):
- Skeletal muscle mass (kg): 13.21.5; leg muscle mass (kg): 10.11.1
- Grip strength (kg): 17.13.9; knee extension strength (N): 178.8 55.2; usual
walking speed (s): 4.50.9; TUGT (s): 7.71.7
- BDNF (ng/ml): 6.601.54; (IGFBP3/IGF1)x100: 5.502.28
After 3-month intervention:
- Skeletal muscle mass (kg): 13.511.61; leg muscle mass (kg): 10.301.21
- Grip strength (kg): 17.834.05; knee extension strength (N): 191.5254.81; usual
walking speed (s): 1.250.24; TUGT (s): 7.981.44
- BDNF (ng/ml): 7.181.09; (IGFBP3/IGF1)x100: 5.021.96
4 months after intervention:
- Skeletal muscle mass (kg): 13.641.69; leg muscle mass (kg): 10.411.36
- Grip strength (kg): 17.003.88; knee extension strength (N): 178.7245.92; usual
walking speed (s): 1.230.21; TUGT (s): 6.931.61
- BDNF (ng/ml): 7.681.17; (IGFBP3/IGF1)x100: 4.631.89
Placebo
(n¼32)
At baseline (mean SD):
- Skeletal muscle mass (kg): 13.41.6; leg muscle mass (kg): 10.11.2
- Grip strength (kg): 18.73.2; knee extension strength (N): 184.7 50.1; usual
walking speed (s): 4.71.5; TUGT (s): 8.53.5
- BDNF (ng/ml): 6.101.47; (IGFBP3/IGF1)x100: 4.651.72
After 3-month intervention:
- Skeletal muscle mass (kg): 13.551.67; leg muscle mass (kg): 10.281.30
- Grip strength (kg): 19.183.50; knee extension strength (N): 194.3254.14; usual
walking speed (s): 1.130.22; TUGT (s): 10.04.32
- BDNF (ng/ml): 6.361.31; (IGFBP3/IGF1)x100: 5.381.93
4 months after intervention:
- Skeletal muscle mass (kg): 13.701.75; leg muscle mass (kg): 10.391.38
- Grip strength (kg): 18.082.92; knee extension strength (N): 199.9552.65; usual
walking speed (s): 1.180.23; TUGT (s): 7.993.79
- BDNF (ng/ml): 6.521.33; (IGFBP3/IGF1)x100: 5.201.91
Kim & Lee,
201323
Protein-energy
supplementation
(n¼41)
At baseline (mean SD):
- Usual gait speed (m/s): 0.350.13; TUGT (s): 22.212.4; grip strength (kg):
15.3 4.6; one-legged stance (s): 3.42.8
- Mid-arm circumference: 24.73.3
- Serum blood urea nitrogen (mgl/dL): 17.38.4; creatinine clearance (mL/min):
36.212.7
After 12-week intervention (mean SD):
- Usual gait speed (m/s): 0.350.13; TUGT (s): 21.412.2; grip strength (kg): 15.1 4.8;
one-legged stance (s): 2.61.9
- Mid-arm circumference: 25.82.7
- Serum blood urea nitrogen (mgl/dL): 19.3 8.2; creatinine clearance (mL/min):
39.1 15.5
Between group change:
Gait speed p¼ .039;
TUGT p¼ .038
No intervention
(n¼43)
At baseline (mean SD):
- Usual gait speed (m/s): 0.380.13; TUGT (s): 21.512.7; grip strength (kg):
16.3 5.0; one-legged stance (s): 3.93.5
- Mid-arm circumference: 23.22.6
- Serum blood urea nitrogen (mgl/dL): 19.012.1; creatinine clearance (mL/min):
34.9 13.5
After 12-week intervention (mean SD):
- Usual gait speed (m/s): 0.320.14; TUGT (s): 26.425.3; grip strength (kg): 16.4 5.3;
one-legged stance (s): 3.53.5
- Mid-arm circumference: 24.32.7
- Serum blood urea nitrogen (mgl/dL): 19.9 9.9; creatinine clearance (mL/min):
36.7 13.8
Li, et al.,
201050
Screening evalua-
tion and interven-
tion
(n¼129)
At baseline (mean SD):
- ADL: 95.715.7
6 months after baseline assessment:
- ADL maintained level: 86.3%; ADL improvement: 4.6%; ADL decrease: 9.2%
Deterioration in ADL: no
significant differences
Screening evalua-
tion
(n¼140)
At baseline (mean SD):
- ADL: 92.819.4
6 months after baseline assessment:
- ADL maintained level: 88.6%; ADL improvement: 1.4%; ADL decrease: 10.o%
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Table 7. (Continued)
Study
Intervention/
control condition Secondary outcomes Significance
Monteserin
et al., 201051
Group sessions
(n¼157)
At baseline:
- GDS-5 > 1: 21.8%;
- comorbidity: without 47.1%, slight: 26.6%; moderate: 12.3%; severe: 14.0%
After 18-month intervention:
- GDS-5 > 1: 26.7%;
- Death or admission to nursing home or admission to home care program: 15.9%, but
for subgroup at risk of frailty: 16.3%
Between group change:
For all participants
- GDS-5 ( p¼ .048), with
control group > interven-
tion group
For participants at risk of
frailty
- death or admission to
nursing home or admission
to home care program
( p¼ .028), with control
group > intervention group
Individual sessions
with geriatrician
(n¼151)
Usual care
(n¼312, from
which 134 at risk
of frailty and 178
at non-risk of
frailty)
At baseline:
- GDS-5 > 1: 22.1%
- comorbidity: without 50.6%, slight: 24.7%; moderate: 16.7%; severe: 8.0%
After 18-month intervention:
- GDS-5 > 1: 35.8%;
- Death or admission to nursing home or admission to home care program: 17.4%, but
for subgroup at risk of frailty: 28.4%
Muller et al.,
200652
Atamestane R
dehydroepiandros-
terone (DHEA)
(n¼26)
At baseline (mean SD):
- ADL (HAQ score): 10.74.4; MMSE: 27.72.4
- Bone mineral density (total body): 1.16 0.07
- Fat mass (kg): 20.4 5.9; Lean mass (kg): 49.046.1; BMI (kg/m2): 24.93.1
- Atherosclerosis (mm) – common carotid: 1.010.14; bifurcation: 1.360.56
- Blood pressure (mm Hg) – systolic: 156.719.3; diastolic: 84.210.7
- DHEA (nmol/liter): 17.714.5; total testosterone (nmol/liter): 12.83.3; Estriadol (pmol/
liter): 13236; IGF-I: 10528 (mg/liter); IGFBP-1: 46.922 (mg/liter); IGFBP-3: 2.80.6
(mg/liter)
After 36-week intervention (differences between placebo and study agent, mean, 95% CI):
- ADL (HAQ score): 1.28 (0.60; 3.15); MMSE: 0.10 (0.68; 0.88)
- Bone mineral density (total body): 0.004 (0.014; 0.006)
- Fat mass (kg): 0.56 (1.69; 0.57); Lean mass (kg): 0.40 (1.87; 2.68); BMI (kg/m2): 0.14
(0.29; 0.57)
- Atherosclerosis (mm) – common carotid: 0.006 (0.060; 0.048); bifurcation: 0.038 (-
0.249; 0.324)
- DHEA (nmol/liter): 11.6 (4.1; 27.3); total testosterone (nmol/liter): 8.5 (5.9; 11.1);
Estriadol (pmol/liter): 44 (13; 75); IGF-I (mg/liter): 9.3 (1.3; 17.3); IGFBP-1 (mg/liter): 3.6
(4.7; 11.9); IGFBP-3 (mg/liter): 0.1 (0.3; 0.1)
Between group difference:
Placebo group showed sig-
nificant decrease in BMI.
Compared with the placebo
group, both the atamestane
and DHEA groups
increased BMI ( p value was
not provided)
DHEA
(n¼25)
At baseline (mean SD):
- ADL (HAQ score): 10.43.9; MMSE: 27.82.2
- Bone mineral density (total body): 1.14 0.10
- Fat mass (kg): 20.3 4.8; Lean mass (kg): 49.45.2; BMI (kg/m2): 24.32.2
- Atherosclerosis (mm) – common carotid: 1.000.14; bifurcation: 1.430.57
- Blood pressure (mm Hg) – systolic: 154.423.9; diastolic: 86.09.6
- DHEA (nmol/liter): 14.911.6; total testosterone (nmol/liter): 11.52.8; Estriadol
(pmol/liter): 12444; IGF-I: 10630 (mg/liter); IGFBP-1: 44.6 17.4 (mg/liter); IGFBP-
3: 2.7 0.7 (mg/liter)
After 36-week intervention (differences between placebo and study agent, mean, 95% CI):
- ADL (HAQ score): 0.17 (2.10; 1.75); MMSE: 0.11 (0.91; 0.69)
- Bone mineral density (total body): 0.000 (0.010; 0.011)
- Fat mass (kg): 0.02 (1.16; 1.13); Lean mass (kg): 0.76 (3.05; 1.54); BMI (kg/m2):
0.81 (0.37; 1.25)
- Atherosclerosis (mm) – common carotid: 0.006 (0.061; 0.048); bifurcation: 0.113
(0.204; 0.430)
- DHEA (nmol/liter): 24.6 (8.5; 40.7); total testosterone (nmol/liter): 3.5 (0.8; 6.2);
Estriadol (pmol/liter): 65 (34; 97); IGF-I (mg/liter): 0.4 (7.7; 8.5); IGFBP-1 (mg/liter):
0.2 (8.2; 8.6); IGFBP-3 (mg/liter): 0.1 (0.3; 0.1)
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Table 7. (Continued)
Study
Intervention/
control condition Secondary outcomes Significance
Atamestane
(n¼25)
At baseline (mean SD):
- ADL (HAQ score): 11.13.9; MMSE: 27.02.2
- Bone mineral density (total body): 1.15 0.12
- Fat mass (kg): 21.0 6.6; Lean mass (kg): 48.25.2; BMI (kg/m2): 25.02.9
- Atherosclerosis (mm) – common carotid: 1.020.13; bifurcation: 1.350.39
- Blood pressure (mm Hg) – systolic: 154.620.7; diastolic: 80.412.9
- DHEA (nmol/liter): 13.46.6; total testosterone (nmol/liter): 11.63.7; Estriadol
(pmol/liter): 13148; IGF-I: 10428 (mg/liter); IGFBP-1: 45.8 14.8 (mg/liter); IGFBP-
3: 2.9 0.8 (mg/liter)
After 36-week intervention (differences between placebo and study agent, mean, 95% CI):
- ADL (HAQ score): 1.44 (3.35; 0.48); MMSE: 0.51 (0.31; 1.32)
- Bone mineral density (total body): 0.005 (0.015; 0.005)
- Fat mass (kg): 0.34 (0.79; 1.48); Lean mass (kg): 0.13 (2.13; 2.39); BMI (kg/m2):
0.36 (0.08; 0.80)
- Atherosclerosis (mm) – common carotid: 0.013 (0.068; 0.041); bifurcation: 0.176
(0.121; 0.473)
- DHEA (nmol/liter): 1.2 (14.7; 17.1); total testosterone (nmol/liter): 4.9 (2.2; 7.5);
Estriadol (pmol/liter): 18 (50; 13); IGF-I (mg/liter): 0.8 (7.4; 8.9); IGFBP-1 (mg/liter):
2.3 (6.2; 10.8); IGFBP-3 (mg/liter): 0.0 (0.2; 0.2)
Placebo
(n¼24)
At baseline (mean SD):
- ADL (HAQ score): 10.94.3; MMSE: 28.31.1
- Bone mineral density (total body): 1.14 0.10
- Fat mass (kg): 21.0 7.2; Lean mass (kg): 49.16.4; BMI (kg/m2): 24.83.7
- Atherosclerosis (mm) – common carotid: 0.960.12; bifurcation: 1.090.26
- Blood pressure (mm Hg) – systolic: 148.121.1; diastolic: 82.210.1
- DHEA (nmol/liter): 14.410.3; total testosterone(nmol/liter): 12.24.4; Estriadol
(pmol/liter): 13558; IGF-I: 10332 (mg/liter); IGFBP-1: 45.621.1 (mg/liter);
IGFBP-3: 2.70.7 (mg/liter)
After 36-week intervention (changes from baseline (placebo), mean, 95%CI):
- ADL (HAQ score): 0.54 (0.46; 1.55); MMSE: 0.17 (0.49; 0.83)
- Bone mineral density (total body): 0.004 (0.012; 0.004)
- Fat mass (kg): 0.18 (1.04; 0.69); Lean mass (kg): 0.57 (1.58; 0.43); BMI (kg/
m2): 0.62 (0.99; 0.25)
- Atherosclerosis (mm) – common carotid: 0.003 (0.034; 0.029); bifurcation: 0.047
(0.067; 0.160)
- DHEA (nmol/liter): 0.3 (3.7; 0.7); total testosterone (nmol/liter): 1.3 (2.4;
0.2); Estriadol (pmol/liter): 26 (39; 13); IGF-I (mg/liter): 0.6 (6.6; 5.3);
IGFBP-1 (mg/liter): 3.3 (11.1; 4.4); IGFBP-3 (mg/liter): 0.3 (0.4; 0.2)
Ng, et al.,
201553
Nutritional supple-
ments
(n¼49)
At baseline (mean SD):
- Instrumental ADL – ADL dependency: 12.0
- Hospitalization in past 12 months: 12.0
At 3 months:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 2.1%
- Hospitalization in past 12 months (cumulated frequency): 2.1%; any fall (cumulated
frequency): 2.1%
After 6-month intervention:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 4.6%
- Hospitalization in past 12 months (cumulated frequency): 2.1%; any fall (cumulated
frequency): 4.3%
At 12 months:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 6.7%
- Hospitalization in past 12 months (cumulated frequency): 2.1%; any fall (cumulated
frequency): 8.3%
Between group difference:
no significant difference
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Study
Intervention/
control condition Secondary outcomes Significance
Physical training
(n¼48)
At baseline (mean SD):
- Instrumental ADL – ADL dependency: 00.0
- Hospitalization in past 12 months: 612.5
At 3 months:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 2.1%
- Hospitalization in past 12 months (cumulated frequency): 2.1%; any fall (cumulated
frequency): 4.2%
After 6-month intervention:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 8.3%
- Hospitalization in past 12 months (cumulated frequency): 2.1%; any fall (cumulated
frequency): 6.3%
At 12 months:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 8.7%
- Hospitalization in past 12 months (cumulated frequency): 6.3%; any fall (cumulated
frequency): 6.3%
Cognitive training
(n¼50)
At baseline (mean SD):
- Instrumental ADL – ADL dependency: 12.0
- Hospitalization in past 12 months: 36.0
At 3 months:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 2.1%
- Hospitalization in past 12 months (cumulated frequency): 6.4%; any fall (cumulated
frequency): 2.1%
After 6-month intervention:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 2.2%
- Hospitalization in past 12 months (cumulated frequency): 6.3%; any fall (cumulated
frequency): 2.1%
At 12 months:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 4.4%
- Hospitalization in past 12 months (cumulated frequency): 10.2%; any fall (cumulated
frequency): 4.1%
Combination treat-
ment
(n¼49)
At baseline (mean SD):
- Instrumental ADL – ADL dependency: 12.0
- Hospitalization in past 12 months: 36.1
At 3 months:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 4.2%
- Hospitalization in past 12 months (cumulated frequency): 0.0%; any fall (cumulated
frequency): 2.1%
After 6-month intervention:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 4.3%
- Hospitalization in past 12 months (cumulated frequency): 8.3%; any fall (cumulated
frequency): 2.1%
At 12 months:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 4.4%
- Hospitalization in past 12 months (cumulated frequency): 12.2%; any fall (cumulated
frequency): 4.1%
Standard care R
placebo
(n¼50)
At baseline (mean SD):
- Instrumental ADL – ADL dependency: 48.0
- Hospitalization in past 12 months: 12.0
At 3 months:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 10.4%
- Hospitalization in past 12 months (cumulated frequency): 2.1%; any fall (cumulated
frequency): 10.4%
After 6-month intervention:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 4.3%
- Hospitalization in past 12 months (cumulated frequency): 4.2%; any fall (cumulated
frequency): 10.4%
At 12 months:
- Instrumental ADL – ADL dependency (point-prevalence frequency): 6.5%
- Hospitalization in past 12 months (cumulated frequency): 4.2%; any fall (cumulated
frequency): 10.4%
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Study
Intervention/
control condition Secondary outcomes Significance
Van Hout
et al., 201054
Proactive home
visits by trained
community nurses
(n¼331)
After 18-month intervention:
- Hospital admittance  1: 49.2%; acute hospital visit  1: 32.3%; institutionalization:
13.4%; mortality: 6.4%
Between group difference:
In subgroups of participants
with poorest EQ-5D (<55):
- intervention group had
higher risk to be admitted
to hospital (OR¼1.95,
95% CI 1.2–3.1, p¼ .005)
In subgroup of participants
with two or more chronic
disease:
- intervention group had
higher risk on acute hospi-
tal visits (OR¼1.6, 95%
CI 1.04–2.4, p¼ .03)
Usual care
(n¼320)
After 18-month intervention:
- Hospital admittance  1: 55.9%; acute hospital visit  1: 28.8%; institutionalization:
11.8%; mortality: 6.9%
Vriendt, et al.,
201621
Activity oriented
and community
based program
(Baseline: n¼86
Follow-up: n¼82)
At baseline (mean SD):
- SF36 physical functioning: 2327; SF36 physical role functioning: 57 44; SF36
bodily pain: 47 27; SF36 mental health: 6124; SF36 vitality: 5021
After 8–10-week intervention (mean difference):
- SF36 physical functioning: 3.0; SF36 physical role functioning: 7.4; SF36 bodily pain:
4.5; SF36 mental health: 0.1; SF36 vitality: 1.2
Between group difference:
SF36 bodily pain subscale:
p¼ 0.049
Community care
as usual
(Baseline: n¼82
Follow-up: n¼80)
At baseline (mean SD):
- SF36 physical functioning: 1923; SF36 physical role functioning: 52 45; SF36
bodily pain: 55 29; SF36 mental health: 6024; SF36 vitality: 5222
After 8–10-week intervention (mean difference):
- SF36 physical functioning: 1.4; SF36 physical role functioning: 4.4; SF36 bodily pain:
5.1; SF36 mental health: 0.1; SF36 vitality: 1.3
Wolf et al.,
200355
Tai Chi
(n¼72)
Follow-up:
- Distribution of falls according to FICSIT definition: 56; distribution of falls according
to Atlanta Site Definition: 29; Average follow-up time: 171 days
Between group difference:
Tai Chi group:
- unadjusted risk ratio for
time to one or more falls
according to FICSIT defini-
tion (RR¼ 0.632, 95%CI
0.45–0.89, p¼ .009)
- adjusted risk ratio for
time to one or more falls
according to FICSIT defini-
tion (RR¼ 0.511, 95%CI
0.361–0.725, p¼ .017)
- adjusted risk ratio for
time to one or more falls
according to Atlanta Site
definition (RR¼ 0.525,
95%CI 0.321–0.860,
p¼ .010)
Risk of falls associated with
falls last year (FICSIT:
p¼ .0006; Atlanta Site:
p¼ .0003), fear of falling
(FICSIT: p¼ .0004; Atlanta
Site: p¼ .0002), and trouble
falling asleep (FICSIT:
p¼ .00006; Atlanta Site:
p¼ .00003).
Risk of injurious falls asso-
ciated with falls last year
( p¼ .003) and fear of fall-
ing ( p¼ .029)
Computerized Bal-
ance Training
(n¼64)
Follow-up:
- Distribution of falls according to FICSIT definition: 76; distribution of falls according
to Atlanta Site Definition: 44; Average follow-up time: 164 days
Education exer-
cise-control condi-
tion
(n¼64)
Follow-up:
- Distribution of falls according to FICSIT definition: 77; distribution of falls according
to Atlanta Site Definition: 37; Average follow-up time: 164 days
ADL, Activities of daily living; BDNF, brain-derived neurotrophic factor; BMI, body mass index; DHEA, dehydroepiandrosterone; EQ-5D, EuroQol Quality of Life Scale;
FICSIT, Frailty and Injuries, Cooperative Studies of Intervention Techniques; GDS, Geriatric Depression Scale; HADS, Hospital Anxiety and Depression Scale; HAQ,
Stanford Health Assessment Questionnaire; IGF, insulin-like growth factor; IGFBP, insulin-like growth factor binding protein; MMSE, Mini-Mental State Examination;
PRIME-MD, Primary Care Evaluation of Mental Disorders; SD, standard deviation; SF-36, Short Form 36 Health Survey; TUGT, Timed Up and Go Test.
SYSTEMATIC REVIEW J. Apo´stolo et al.The influence of degree of frailty on the
effectiveness of interventions
Three studies22,29,44 examined the influence of
degree of frailty on the effectiveness of the applied
intervention. Eklund et al.29 examined whether theJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWbaseline differences in the level of frailty (measured
based on CHS criteria) had modifying effects on
ADL outcome and found that this confounding
variable had no significant impact for the continuum
care results. In Cohen et al.,44 subgroup analysesCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 201
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SYSTEMATIC REVIEW J. Apo´stolo et al.were conducted aiming to show whether the main
effects of inpatient and outpatient geriatric evalua-
tion and management depend on the functional
status of patients. Functional status included indi-
cators of basic and instrumental ADLs, both used for
frailty measurements. Low functional status was
defined in terms of assistance required with at least
three ADLs, and high functional status in terms of
assistance required with less than three ADLs. This
variable had no influence on the main effects
observed in the study.44 Bonnefoy et al.22 conducted
exploratory subgroup analysis comparing good
compliers to poor compliers. The authors assessed
the participants’ compliance using diaries, partici-
pants’ knowledge of exercise during the final evalu-
ation, protein supplement bag counts and interviews
of home helpers supervising delivery of the interven-
tion, with a compliance rate of 50% considered as
satisfactory. The groups of good and poor compliers
differed before the intervention on the Physical
Activity Scale for the Elderly score and on walking
speed, both considered as frailty indicators. The
good compliers had better baseline performance
on the Physical Activity Scale for the Elderly and
better baseline performance on walking speed. After
the four-month home based exercise program with
dietary protein supplementation, good compliers, as
compared with poor compliers, improved maximum
walking distance and maximum walking time in
29.15% (first quartile: 0.0; third quartile: 66.7)
and 33.3% (first quartile: -20.0; third quartile:
50.0), respectively. The change in both variables
was significantly different from that observed in
the control group (maximum walking distance:
p¼ .007; maximum walking time p¼ .004).
Other factors moderating the effectiveness of
interventions
Other factors moderating the effectiveness of
interventions were examined in eight stud-
ies.22,23,29,42,44,51,54,55 In one of these studies, Bon-
nefoy et al.22 analyzed the relevance of good
compliance to the home based exercise with dietary
protein supplementation intervention program. The
subgroup of good compliers, identified by the study
authors,22 had fewer falls within the six months
before the intervention, higher baseline score on
the Mini Nutritional Assessment test, higher baseline
energy intake, better baseline physical performance
and walking speed, and better baseline performanceJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWin ADLs and instrumental ADLs. Regarding post-
intervention results, good compliers benefited signif-
icantly more on the maximum walking distance and
maximum walking speed, with improvement about
30% higher than the subgroup of poor compliers. A
logistic regression analysis showed that the best
predictor of good compliance was the score on the
test examining instrumental ADLs (OR for each 1-
point increase in instrumental ADLs score¼2.84,
95% CI 1.52; 5.31, p¼ .0011).
Subgroup analyses examining the potential mod-
erating effect of baseline characteristics were also
performed by van Hout et al.54 These authors
showed that among participants with the poorest
self-rated health (EuroQol Quality of Life Scale
score < 55), the participants who received an 18-
month intervention consisting of nurse home visits
had a significantly higher risk of being admitted to a
hospital than those who received usual care (inter-
vention subgroup: OR¼1.95, 95% CI 1.2; 3.1,
p¼ .005). In addition, a higher risk of an acute
hospital visit was found among participants included
in the intervention group who had two or more
chronic disease (OR¼1.6, 95% CI 1.04; 2.4,
p¼ .03). According to study authors54 the higher
odds of hospital admittance and acute hospital visits,
observed in the subgroups of intervention partici-
pants may be explained by an increased awareness of
the participants concerning the treatability of their
health status, as a result of the nurse assessment.
In Cohen et al.,44 subgroup analyses focused on
functional status (for the detailed description see pre-
vious section) age (> 75 versus  75 years), Charlson
comorbidity index (low with score 2, and high with
score> 2) and the year of enrollment. According to the
study authors,44 none of these baseline characteristics
had any modifying effect on the results of the interven-
tion based on inpatient or outpatient geriatric evalua-
tion and management. However, no statistical data
corroborating this conclusion was provided.
In the study investigating geriatric intervention in
individual sessions or group sessions, with partici-
pants determined as at risk or not at risk of frailty,
with usual care as a control condition, Monteserin
et al.51 performed logistic regression in order to iden-
tify multivariate predictors of likelihood of reversing
from risk of frailty to healthy status (described by the
authors as a ‘‘reversible risk of frailty’’), evaluating
data of patients at risk of frailty only, using informa-
tion from the comprehensive geriatric assessment. TheCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 202
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iate predictors of reversible risk of frailty: younger age
(OR¼ .89, 95% CI 0.82; 0.99), low consumption of
medication at baseline (OR¼ .77, 95% CI 0.63;
0.93), not being at risk of depression at baseline
(OR¼3.68, 95% CI 1.39; 9.70) and the intervention
itself (OR¼3.08, 95% CI 1.21; 7.82).51
To obtain adjusted effects of two exercise
approaches (Tai Chi and computerized balance train-
ing) on occurrence of falls and injurious falls, Wolf
etal.55examinedpotentialbaselinerisk factors for falls,
includingvariables suchasage,gender, currentlywork-
ing for pay, volunteer status, cognitive status, scores in
the depression test, scores in the instrumentalADL test,
body mass index, trouble falling asleep, waking up
during the night, feeling rested in the morning, cataract
history, fallsin previous year, fear of falling and fall
efficacyscore.Falloccurrenceinpastyear,fearoffalling
and trouble falling asleep were identified as significant
risk factors for fall occurrence. Injurious falls were
associated with falls in the last year (RR¼3.104,
95% CI 1.476; 6.530, p¼ .003) and fear of falling
(RR¼1.466, 95% CI 1.039; 2.040, p¼ .029), but
not with trouble falling asleep (RR¼0.915, 95% CI
0.598;1.399,p¼ .680).However, therewerenosignif-
icant treatment differences for time to one of more falls
beforeandafteradjusting forcovariates (seeTable7).55
Chan et al.42 observed that at the end of the three-
month intervention the improvement rate in the exer-
cise and nutrition consultation group was 45% and in
the problem solving therapy group it was 44%. How-
ever, after adjusting the post-treatment results for
multiple confounding variables, including baseline
characteristics, such as age, gender, Mini-Mental
State Examination scores, healthcare resource utili-
zation, EuroQol Quality of Life Scale score, fat free
mass, body mass index, one-leg stand and 25 (OH)
Vitamin D levels, only improvement in the exercise
and nutrition consultation group, as compared to the
control group, remained significant.
In the study examining the effectiveness of con-
tinuum care provided to the older adults discharged
from emergency departments, with usual care as a
control condition, Eklund et al.29 tested whether the
baseline differences in the Mini-Mental State Exam-
ination score or self-rated health had influenced the
ADL and frailty outcomes. The authors stated that
no modifying effects of the referred variables were
found; however no statistical data corroborating this
conclusion were provided.JBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWFinally, Kim and Lee23 investigated the preventive
effect of protein-energy supplementation among frail
older people with low socioeconomic status. To iden-
tify the factors that determined the changes in nutri-
tional and functional status during the study period
(12 weeks), the authors performed Spearman’s cor-
relations, showing that changeof physical functioning
was significantly correlated with protein intake
(rs¼ .23; p¼ .037) and mean adequacy ratio calcu-
lated from nutrient adequacy ratio for the intake of
energy, protein, and 11 micronutrients (rs¼ .25;
p¼ .023). The study authors also found a significant
correlation between change in mid-arm circumfer-
ence and change in Short Physical Performance Bat-
tery (rs¼ .31; p¼ .004). On the other hand, no
significant correlations between change of physical
functioning and energy intake, essential amino acid
intake, body weight or mid-arm circumference were
found. There was also no correlation between change
in Short Physical Performance Battery and change in
dietary intake data or body weight.23
Economic evidence of interventions preventing
frailty
Two of the included studies32,44 presented economic
data. The characteristics of these studies are sum-
marized in Table 8.
The study developed by Fairhall et al.32 com-
pared costs and cost-effectiveness of a 12-month
multifactorial interdisciplinary intervention target-
ing identified frailty characteristics versus usual care
from the community services and general practi-
tioner. This study included 241 older adults with
frailty and with a life expectancy exceeding 12
months. The participants were recruited after dis-
charge from the Division of Rehabilitation and Aged
Care Service (Sydney, Australia) between January
2008 and June 2011.32 In the study conducted by
Cohen et al.,44 the cost of an intervention consisting
of inpatient and outpatient geriatric evaluation and
management was examined, and was compared
with inpatient and outpatient usual care. This sec-
ond study had a two-by-two factorial design and
included 1388 stabilized patients with frailty from
11 Veterans Affairs Medical Centers (USA) that
received either care in an inpatient geriatric unit
or usual inpatient care, followed by either care at
outpatient geriatric clinic or usual outpatient care.
The patients were enrolled in the study between
August 1995 and January 1999.44COPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 203
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Table 8: Characteristics of included studies examining economic data
Study Design Sample Assessments Perspective Endpoints
Cohen,
et al.,
200244
RCT with
two-by-two
factorial
design
N¼1338 (2%
female)
Mean age 74.2 years
(SD not provided)
Range of age not pro-
vided
At discharge
and at 12
months
Not clear - Basic and instrumen-
tal ADL score
- Physical Performance
Test score
- Quality of life
- Survival at one year
- Health care resource
utilization
- Costs of care
Fairhall,
et al.,
201532
Two-arm,
parallel
group RCT
N¼241 (68%
female)
Mean age calculated
separately for each
group varied from
83.2 ( 5.91) to 83.4
( 5.81) years
Range of age 71–101
years
At 3 and 12
months
Health and
community
care funder
- Health-related qual-
ity of life
- Prevalence of frailty
- Total cost per partic-
ipant
- QALYs
ADL, activities of daily living; QALYs, quality adjusted life years; RCT, randomized control trial.
SYSTEMATIC REVIEW J. Apo´stolo et al.Data related to economic and health related out-
comes reported in both studies are presented in
Table 9. In relation to the study developed by Fair-
hall et al.,32 the total cost of a 12-month multifacto-
rial interdisciplinary intervention targeting
identified frailty characteristics was AUD183,422,
with an average cost per participant of AUD1528.
Between-group differences in costs related with hos-
pital admissions, general practitioner consultations,
nursing or other health professional appointments,
permanent and respite residential care, transport and
home help were not significant. Regarding meal
delivery, the mean cost was $255 more in the inter-
vention group (95%CI 89; 421, p¼ .003), com-
pared with the control group. At 12 months the
reduction of frailty prevalence in the intervention
group was significantly higher than in the control
group (absolute difference: 14.7%, 95%CI 2.4%;
27.0%, p¼ .02). However, at three months only a
marginally significant between-group difference in
frailty prevalence was observed (11.3%, 95%CI
23.3%; 0.7%, p¼ .07). The change in the levels
of quality of life measured at three and at 12 months
and the controlled for baseline score was not signifi-
cantly different between the intervention and the
control groups (at three months: 0.04, 95%CIJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUW0.10; 0.03, p¼ .24; at 12 months: 0.01; 95%CI
0.07; 0.10, p¼ .74).32
According to Fairhall et al.,32 in the sample of all
participants, the ICER per additional patient
experiencing transition from frailty was $15,955.
For the ‘‘frail’’ subgroup, this cost was $41,428; for
the ‘‘very frail’’ subgroup (patients met more than
three CHS criteria for frailty) the intervention was
both more effective and less costly than the control
condition. A cost-effectiveness acceptability curve
showed that the multifactorial interdisciplinary inter-
vention targeting identified frailty characteristics
would be cost-effective, with 80% certainty with
decision makers’ willingness to pay $50,000 per extra
person transitioning from frailty. In the very frail
subgroup this value was reduced to $25,000. The
improvement in QALYs was similar in both the inter-
vention and control groups. The lack of significant
difference was also shown for the subgroup analysis.
The mean costs of initial hospitalization in geri-
atric evaluation and management units and in usual
inpatient care, calculated by Cohen et al.,44 were of
$13,449 ( 621) and $10,758 ( 592), respectively
(the authors did not provide the information about
currency). The observed difference was significant
( p< .001). Care after discharge in the inpatientCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 204
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SYSTEMATIC REVIEW J. Apo´stolo et al.intervention group was similar to the mean cost
calculated for the inpatient control group
( p¼0.19). The similarity between the inpatient
intervention and the inpatient control groups was
also observed for mean total cost of care ( p¼0.29).
In relation to mean costs of care provided in the
outpatient intervention and the outpatient control
groups, no significant differences were observed (the
mean costs of initial hospitalization: p¼0.72; mean
Table 9: Costs, quality adjusted life years and outco
Study Endpoints GEMU vs
Cohen, et al.,
200244
Basic ADL score
- at discharge
- at 12 months
Instrumental ADL score
- at discharge
- at 12 months
Physical performance
- at discharge
- at 12 months
Quality of life
Physical functioning
- at discharge
- at 12 months
Physical limitations
- at discharge
- at 12 months
Emotional limitations
- at discharge
- at 12 months
Bodily pain
- at discharge
- at 12 months
Energy
- at discharge
- at 12 months
Mental health
- at discharge
- at 12 months
Social activity
- at discharge
- at 12 months
General health
- at discharge
- at 12 months
Mean cha
score
0.23
0.27
0.30
0.20
3.12
4.50
1.5
6.7
4.5
34.0
13.0
22.0
15.3
24.9
0.8
4.5
0.3
4.5
2.7
18.3
0.02
5.5
Survival at one year
- Main effect of GEMU
- Deaths (%)
- Probability of survival
- Relative risk of death
(95% CI)
- Main effect of GEMC
- Deaths (%)
- Probability of survival
- Relative risk of death
(95% CI)
22%
78.41.6
1.02 (0.81
JBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWcosts of care after discharge: p¼0.88; mean total
cost of care: p¼0.69). The results obtained by
Cohen et al.44 suggested that the intervention based
on geriatric evaluation and management provided
during the hospitalization period and/or after dis-
charge was more beneficial for frail patients than
usual care, at least for the outcomes of functional
capacity and mental health, without an increase in
overall costs.me data reported in included studies
Findings
UCIP GEMC vs UCOP
nge in Mean change
in score
0.15y
0.25
0.30
0.20
1.75y
4.24y
5.4y
4.5
4.7
29.8
12.0
20.3
9.2y
20.0y
2.6y
1.8
1.5
2.5
1.0
16.4
3.4
7.1
Mean change in
score
0.20
0.27 (0.05)
0.28
0.18 (0.09)
2.34
4.67 (2.13)
3.7
6.8 (9.7)
5.9
31.3 (24.1)
13.4
22.1 (9.2)
11.9
21.9 (10.2)
0.8
5.4 (3.6)
0.6
6.3 (5.7)
2.4
18.3 (16.0)
0.5
4.4 (5.5)
Mean change
in score
0.20
0.25 (0.03)
0.30
0.21 (0.08)
2.60
4.07 (1.30)y
3.2
4.5 (7.2)
3.2
32.5 (29.2)y
11.6
20.2 (8.0)
12.8
22.9 (9.6)
2.5y
1.0y (3.2)
1.2
0.8y (1.5)y
1.2
16.4 (13.8)
2.9y
8.2y
(7.1)
–1.28)
21%
78.81.6
22%
78.01.6
1.07 (0.86–1.35)
21%
79.21.5
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Table 9. (Continued)
Study Endpoints
Findings
GEMU vs UCIP GEMC vs UCOP
Resource utilization
- Number of days in the hospi-
tal
- Number of days of initial
hospitalization
- Number of medical consulta-
tions
- Number of surgical consulta-
tions
- Number of days in long-term
care
Mean (SD)
35.31.4
23.21
2.8 (not pro-
vided)
2.1 (not pro-
vided)
15.01.8
Mean (SD)
28.31.4y
15.00.9y
1.3 (not
provided)y
1.2 (not
provided)y
17.11.8y
Mean (SD)
15.41.8
Mean (SD)
16.81.8
Costs of care (dollars)
- initial hospitalization
- care after discharge
- total
13,449621
22,8161,080
36,2651,298
10,758592y
26,5331,201
37,2921,369
12,254584
23,6891,091
35,9431,292
11,954663
25,6541,194
37,6081,374
Study Endpoints
Findings multifactorial
interdisciplinary intervention Usual care
Fairhall, et al.,
201532
Prevalence of frailty
- at baseline
- at 3 months
- at 12 months
(%)
100
64
62
(%)
100
75
77y
Health-related quality of life
- at baseline
- at 3 months
- at 12 months
Mean (SD)
0.670.23
0.560.31
0.490.32
Mean (SD)
0.660.23
0.470.34
0.470.34
Total cost (in Australian dollars)
of
- Hospital admissions
- General practitioner
consultation
- Nursing or other health
professional appointment
- Permanent resident care
(high level care)
- Permanent resident care
(low-level care)
- Respite residential care
(low-level care)
- Transport
- Home help
- Meal delivery
2,314,122
128,892
135,445
77,458
35,442
7093
14,905
172,018
40,238
2,229,381
126,960
105,420
141,399
64,859
9206
12,402
132,505
9,923y
Total cost per participant (Aus-
tralian dollars)
- All participants
- Frail subgroup
- Very frail subgroup
25,03029,827
23,00626,323
28,74235,416
22,88532,354
18,55029,540
31,13336,081
QALYs over 12 months 0.520.26 0.540.27
Costs per extra person who
transitioned out of frailty
- All participants
- Frail subgroup
- Very frail subgroup
0.340.48
0.390.49
0.260.45
0.210.41
0.280.46
0.070.26
yBetween-group significant difference.
Values in brackets: values adjusted for the length of s64tay.
Costs include all costs of inpatient, outpatient, and long-term care provided by Veterans Affairs medical centers, as well as care in private nursing homes. The costs
of inpatient and outpatient care at non–Veterans Affairs facilities are not included.
ADL, activities of daily living; GEMC, geriatric evaluation and management clinic; GEMU, geriatric evaluation and management unit; QALYs, quality adjusted life years;
RCT, randomized control trial; SD, standard deviation; SF-36, Short Form 36 Health Survey; UCIP, usual inpatient care; UCOP, usual outpatient care.
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SYSTEMATIC REVIEW J. Apo´stolo et al.Discussion
This review set out to examine the effectiveness of
interventions for frailty in older adults, additionally
aiming to determine if there is enough information to
provide answers to questions of the impact of levels
of frailty on effectiveness of interventions, and what
factors modify the effectiveness of interventions.
Economic evidence was also queried by including
studies that examined issues such as cost effective-
ness of interventions, alongside the success of those
interventions.
While the literature contained a large number of
interventions for frail older adults, it became imme-
diately apparent that there were few studies specifi-
cally addressing frailty using validated scales or
measurements of frailty as initial measures and pri-
mary outcome, with a general older population (e.g.
not a population with a specific illness such as
cancer). After excluding 2121 records and 346
full-text articles that did not meet the study criteria,
32 studies were assessed for quality. Of these, a
further 11 were excluded after careful quality
appraisal, with the reasons for exclusion at this stage
being related to non-experimental designs and low
methodological quality. These issues, along with the
large number of studies excluded due to lack of
validated before-after measures of frailty, suggest
that the field is still at an early stage of development,
with observational studies being predominant rather
than well-constructed randomized controlled inter-
vention trials. The use of well-validated measures of
frailty was explored in full in an umbrella review of
reviews on screening tools for frailty58 with the
conclusion that while there were effective prognostic
tools available, further research was needed to inves-
tigate whether psychometric properties of these
frailty measures translate into effective tools when
embedded in the community-based prevention pro-
grams, and specifically for use to measure interven-
tion outcomes.
Nevertheless, this review was able to identify
21 randomized control trials of interventions for
frailty that met our inclusion criteria. Within these
records, post intervention measurements were
repeated a second time in eight studies, with the
post intervention period varying, up to a follow-up
period of four years. Setting and intervention types
were heterogeneous, resulting in an inability to
perform meta-analysis. However, the inclusion of
such variety in studies enabled an overview of theJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWtypes of interventions that seemed to have more
success in preventing, delaying or reversing frailty
than others.
What types of interventions for frailty worked?
Exercise and nutrition interventions were amongst
the most successful interventions to reduce frailty.
Interventions delivered in group sessions were more
successful than exercise interventions delivered one-
to-one. In comparison, two systematic reviews ana-
lyzing the efficacy of exercise-based interventions
on frailty36,37 concluded that these interventions
seemed to be beneficial for different physical perfor-
mance-related outcomes; however it was still unclear
what type of exercise, its frequency and duration
were most effective. None of these reviews sepa-
rately discussed the findings related to interventions
delivered in group and delivered individually. Thus,
more studies on this topic are needed before further
conclusion on the most favorable physical exercise
program can be drawn.
Exercise plus nutrition was shown to be a good
combination of interventions to reduce frailty. Com-
bining exercise with nutrition may benefit patients
by leading to a range of improvements in frailty that
are not achieved when using either exercise or nutri-
tion. For example, a study by Buigues et al.59 (pub-
lished after November 2015, the search limit date set
for this review) found that patients who received a
prebiotic product showed improvements in certain
aspects of frailty (exhaustion, muscle strength) but
not others (weight loss, walking speed, physical
activity). The frailty elements that did not change
in this study may have changed if participants had
also received a physical exercise intervention.
Group discussions and health educational ses-
sions were shown to have little impact on outcomes
apart from self-reported tiredness. Home visit by
nurses or other professionals had mixed results.
While these studies did not examine the impact of
home care provision, or prevention of crises, they
demonstrated positive effects on frailty or its com-
ponents, particularly in one case where an alert
button was provided in addition to the visits. Even
a single preventive home visit was seen to have an
effect, but did not make any difference three months
later, suggesting that the frequency of visits may
need examining more closely.
The only cognitive training intervention included
covered issues related to flexibility, day-to-dayCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 207
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ing memory, problem solving abilities and attention.
This showed a significant impact on frailty indices
and frailty reduction lasting up to the follow-up at
12 months. Similarly, a novel intervention using play
activities program (described in a study published
after November 2015, the search limit date set for
this review),60 was shown to have a wide range of
impacts on psychological functioning, including
frailty, life satisfaction and quality of life. However,
another psychological, but non-cognitive, interven-
tion of problem solving ‘‘therapy’’ did not have an
impact on frailty. The distinction is important here,
with the former addressing cognitive function and
providing cognitive stimulation, but the latter focus-
ing on therapeutic problem solving support as
related to mood and self-efficacy. However, it is
noticeable that cognitive training, while broadly seen
as effective and supportive of cognitive reserve and
coping and compensation in older age,61 is not a
common intervention for frailty. Nevertheless, phys-
ical interventions, particularly exercise, are known
to have an impact on cognition and brain health in
older adults62 and further study is needed to eluci-
date on the relationship between cognitive change
and frailty impact. For example, one study63 dem-
onstrated clear relationships between change in cog-
nition and change in outcome frailty measures, in
both positive and negative directions. Finally, the
studies demonstrated that combinations of inter-
ventions were particularly useful, with evidence
for exercise and nutrition and cognitive training
standing out as having cumulative impacts on frailty.
Who did frailty interventions work for?
Studies reported a variety of age ranges, gender
distribution, and variously included people at risk
of frailty, pre-frail and frail people. In terms of age,
interventions showed impact across the age ranges.
The physical exercise programs were shown to be
effective in studies with participants ranging in age
from 65 upwards. For example, one study with the
‘‘oldest-old’’ institutionalized participants with a
mean age of 91.9 years41 showed significant effects
on components of physical frailty such as gait speed
and grip strength. Some researchers examined age as
a moderator of the impacts in their studies, although
few reported detailed comparisons of age groups. In
the study43 investigating geriatric intervention in
individual sessions or group sessions was found thatJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWyounger age within their older frail group was a
predictor of the likelihood to revert to being robust
from a state of frailty, although considerably less so
than the impact of the intervention itself. Other
studies42,44,55 reported examining the effect of age
as one of a set of modifiers in analyses on impact of
their intervention, but reported that there were no
impacts on frailty outcomes.
No study directly compared effectiveness by gen-
der, although some examined gender as a potential
moderator or risk factor. Given that this was often in
the context of a range of effects (e.g. Chan et al.33)
whether or not gender moderates effects is not yet
clear. However, while studies varied in terms of the
numbers of men and women recruited into the study,
physical activity and physical activity plus nutri-
tional supplementation interventions were effective
for both men and women. This is important given
the higher prevalence of physical frailty for older
women, and related higher falls and fracture
risks.6,24,64 However, nutrition supplementation
on its own had a less clear impact, with studies that
included either 100%49 or a significant majority23 of
women having mixed results, but a study with a
more even mix of men and women53 showing an
overall significant effect on frailty measures. Given
the higher evidenced frailty amongst older women,
and specific issues such as hormone related muscle
mass loss and osteoporosis that are gender related,
the usefulness of frailty interventions by gender is a
crucial issue for further research.
In addition, other types of interventions varied by
their gender distribution of participants, but there
was no clear pattern of types of interventions that
had different implications for men and women. For
example, one study44 with mainly male patients
examining inpatient multidisciplinary screening
and detailed care plan worked well at least at dis-
charge. A similar study with 55% women29 did not
show effects. On the other hand, other multi-disci-
plinary personalized care support interventions with
a mix of male and female patients did work well32 as
did those with mainly women patients.21 However,
there is no clear reason to hypothesize possible
gender related differences in impact for care inter-
ventions as there may be for exercise plus nutrition,
given the differences in physical frailty development
in older women and men.
We examined the influence of initial levels of
frailty on the impact of the interventions where thisCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 208
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ventions clearly worked across levels of frailty, based
on available information on the included participant
samples, this was less clear for other types of inter-
vention. Interventions based on individually tailored
management in community based older adults
seemed to have an impact on frailty outcomes when
the participants were indicated as frail,21,32 but not
when they were mixed frail and pre-frail,50 although
there may have been other less obvious differences
between the studies such as context (Belgium and
Australia versus Taiwan), adherence to the interven-
tion protocol of the staff delivering it (implementa-
tion fidelity),65 or the actual content of the
management in the community. For example, the
management in the community that occurred in the
successful study32 had very salient structured and
well supported physical exercise components with
individual physiotherapist instruction that was not
described in other studies. In a study on continuum
care for older adults who were discharged from the
emergency department29 no difference in frailty out-
comes was seen. However, the authors speculated
that the standard of ordinary care for control par-
ticipants was high and as such may have confounded
the results.
Three studies22,29,44 examined whether baseline
differences in the level of frailty had modifying
effects on intervention outcome measures. There
was no impact of initial level of frailty on ADL
based outcomes of the continuum care program.29
In another study44 low or normal baseline functional
status (again assessed using ADLs) had no influence
on the effects of an inpatient geriatric care and
management intervention. Bonnefoy et al.’s analysis
of good and poor compliers to their exercise plus
protein supplementation study also provided insight
into the impact of initial levels of frailty.22 The
people who turned out to be good compliers had
better baseline performance on the Physical Activity
Scale for the Elderly and walking speed and
improved significantly more than poor compliers
and the control group. The difficulty in interpreting
this finding is that initial frailty levels and compli-
ance are confounded. The relationship between
extent of frailty and amount of improvement possi-
ble in an exercise plus supplementation intervention
remains unanswered, with calls for studies that care-
fully examine the impact of level of frailty on prog-
nosis made in previous studies58 being reiteratedJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWhere in the context of interventions. Nevertheless,
it is possible to conclude that impacts are evidenced
across the range of not frail, pre-frail and frail older
adults, genders and age.
Do frailty interventions have further impacts on
secondary outcomes?
In addition to frailty, studies described findings
relating to secondary outcomes such as functional
and mobility outcomes, quality of life, self-rated
health, depression or other mental health-related
outcomes, cognition, functional capacity/mobility,
ADLs, analytical parameters including blood anal-
yses components, body composition parameters
and nutrition-related outcomes, and adverse
events. Functional capacity and mobility were com-
mon secondary outcomes in the physical exer-
cise41,42,46 and nutrition interventions,23,49 with
participants even into extreme old age showing
improved indices such as ability to rise from a chair
and balance, gait performance and lower body
strength, with some improvements still being evi-
dent up to nine months later. Exercise interventions
producing such changes included resistance train-
ing, balance and gait retraining, and strength train-
ing. Other related secondary outcomes of the
exercise-based programs included better dual task
walking performance and reduction of falls.41
Computer based balance training55 and home
based exercise plus supplementation22 did not have
these positive outcomes for mobility and safety
related indices, but some nutrition supplementation
interventions examined did so even when applied in
the absence of an exercise intervention.
Impact on independence indices such as ADLs
was shown for one of the exercise interventions with
nutrition consultation42 and by continuum care,29
and postponement of decline in ADLs was shown for
a multicomponent exercise program in institutional-
ized people over the age of 85.41 Impact on ADLs
was not reliably shown for exercise and nutrition
interventions, multi-professional senior meetings
and for problem solving therapy. Other interven-
tions that had no impact on frailty were nevertheless
shown to have potential for ADLs, notably, the
home-based exercise with dietary protein supple-
mentation postponed deterioration in instrumental
ADLs.22
Quality of life was assessed in several studies but
was only shown to improve in programs whereCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 209
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tion and management or personalized care, or spe-
cific emotionally based psychological therapy (the
problem solving therapy).21,44 Self-rated health was
also examined by some studies and only the inter-
ventions with a multi-professional seniors meeting
and a single preventive home visit showed positive
impacts on self-rated health.47 Mental health was also
positively affected by the geriatric evaluation and
management of clinical conditions developed with
inpatients and outpatients from the Veterans Affairs
Medical Centers, which also impacted quality of
life,44 and the problem solving therapy which was
specifically aimed at emotional health.42 In addition,
a group session and individual session with a geriatri-
cian also seemed to impact risk of depression with
depression being more common in the control group
than in the interventions groups.51 Cognitive function
was measured only rarely41,42,48,52 and the prevention
of its decrease was reported only in the multicompo-
nent exercise-based intervention provided to institu-
tionalized older adults aged over 85 years.
Physiological secondary outcomes were observed
for assessments such as overall skeletal or leg muscle
mass, but significant changes were not evident.
Impact on adverse outcomes such as falls or
hospitalizations was observed in several studies.
Tai Chi was confirmed as useful for reducing falls
risk,55 but resistance training and computerized bal-
ance training was not.55 Likelihood of hospitaliza-
tion was not clearly reduced by any of the studies,
but length of stay and number of consultations were
observed to be higher in the inpatient intervention
participants, although their overall care utilization
was no greater than controls as they spent less time in
long term care.44 The individual educational session
by a geriatrician conducted with participants at risk
of frailty, showed a positive influence on adverse
outcomes in that participants from the control group
had a higher risk of death or admission to a nursing
home or home care program.51
What is the economic evidence regarding
interventions for frailty?
Both studies reporting economicanalyses32,44 focused
on individually tailored management of frailty. The
study targeting frailty characteristics with older adults
in the community was effective for reducing frailty
prevalence and cost savings,32 with average costs
incurred in delivering the intervention being $1528JBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWper participant. The obtained data suggested that the
examined therapy, as compared to usual care, pro-
vided good value for money, especially for very frail
persons. The study examining geriatric evaluation
and management in inpatient and outpatient care
units was shown to have a more favorable impact
for frailty outcome than usual care, but only for the
hospitalized patients.44 On the other hand, after
receiving the individual tailored treatment, both inpa-
tients and outpatients experienced significant
improvement in quality of life. Total costs at one year
were similar for the intervention (about $36,000) and
usual care (about $37,000) groups, with the initial
hospitalization of the inpatient subgroup being most
costly in the intervention group than in usual care.
Limitations of the included studies
The studies included in this review presented several
methodological weaknesses, with the most promi-
nent being lack of participant blinding to treatment
allocation, or unclear information about this issue
(however, in most cases due to the nature of the
applied interventions, the practical difficulties of the
blinding process were recognized). Only eight stud-
ies provided clear information about the tools used
for the assessment, indicating that their versions
were culturally adapted or validated, while only nine
studies clearly stated about equality of treatment
between the intervention and the control groups,
other than the intervention in question. Thus, we
cannot rule out the possibility of bias arising from
selection, performance and detection within the
included studies.
In relation to studies reporting data on the eco-
nomic component of this review, one such study was
excluded due to insufficient methodological quality
of the clinical/medical component, and only two
were included for analysis. Both studies presented
data on individually tailored management of the
clinical condition. However, due to the different
characteristics of the included samples (participants
recruited from the community vs inpatient and/or
outpatient care) it was not possible to proceed with a
meta-analysis and obtain a pooled estimate of
effects. In one of these studies44 various methodo-
logical weaknesses were observed. In addition, nei-
ther of the studies conducted sensitivity analyses to
investigate uncertainty in estimates of costs or con-
sequences, and both studies failed to present the
issues of concern to users. This clearly reduces theCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 210
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message that studies evaluating the economic aspects
of interventions for frailty are needed.
Limitations of the review
The current review has some limitations. First, the
search was undertaken in 2015 and as such it is over
12 months old. To overcome this limitation, the
MEDLINE and CINAHL databases were searched
for studies published in English from December
2015 to February 2017, using a phrase AB frail
AND AB (intervention OR treatment OR therapy
OR program) AND AB old. The studies that met
inclusion criteria of this review (n¼2) were intro-
duced in the discussion.59,60 However, the review
authors did not evaluate the methodological quality
of these two studies and therefore their findings need
to be treated with some caution. Second, the search
was limited to articles published in the languages
known by the group members and only papers
published in English were included. The exclusion
of papers in other languages could have limited
access to studies with significant findings related
to our aim that were developed in cultural and
socio-economic contexts different from those con-
sidered in this review. Third, a large number of
studies was excluded because of the lack of the
operational definition of frailty used to select par-
ticipants and/or because of the use of different crite-
ria for frailty assessment before and after the
intervention. This fact is highly important since it
suggests that the possibility that the frailty concept is
excessively used for the description of ageing pro-
cesses, and not only for the description of a specific
and assessed age-related state of decreased physio-
logical reserves characterized by a weakened
response to stressors and an increased risk of poor
clinical outcomes. This fact also reflects the lack of
consensus on frailty definition, which limits substan-
tially the capacity to compare the obtained findings
and to subsequently generalize them to the different
clinical and economic contexts. For example, from
21 studies included in this review only nine used the
same overall operational definition of frailty (based
on CHS phenotypic indicators), and even those nine
studies showed a significant variation on the oper-
ationalization of specific indicators used in the
assessment and on the definition of cut-off points.
Moreover, there were some outcomes (such as
ADLs) that in some studies were considered asJBI Database of Systematic Reviews and Implementation Reports
WOLTERS KLUWindicators of frailty,21,44 and in other studies22,29,41,42
as complementary outcomes. We decided to follow
the structure proposed in the protocol34 and report
these outcomes in separate sections (dedicated to
primary versus secondary outcomes), which perhaps
made the findings related to specific outcomes more
difficult to compare.
Finally, due to the variation in outcomes assessed
across included studies, and the reduced number of
studies focusing on the same intervention and differ-
ent characteristics of included samples, we were
unable to conduct meta-analyses to more efficiently
explore data from the included studies. Conse-
quently, it was impossible to estimate the effect size
difference between individuals receiving specific
interventions and individuals in control conditions,
which reduces the statistical power and generaliz-
ability of this review’s findings.
Conclusion
This review has demonstrated mixed effectiveness of
frailty interventions. We can conclude that physical
exercise interventions are generally effective in
reducing or reversing/postponing frailty but only
where classes or group based interventions are
used – evidence for home based or computerized
training was not found. Geriatric management and
continuum care was not found to be universally
effective in terms of changing frailty status but differ-
ences between healthcare systems and interventions
in the studies that did and did not find effects on
frailty need consideration. For example, some
authors65 noted that in instances where there were
functional improvements, but not changes in frailty
status, it might be that the intervention care and the
background healthcare were not sufficiently differ-
ent (particularly in developed countries with a high
standard of care) to achieve a change in global
physical frailty phenotype scores. Likewise for nutri-
tional supplementation studies, those involving peo-
ple with poor background nutrition will show
greater effects than those in people who are generally
well-nourished.
Home visits were widely supported, even at quite
a low level such as a single visit, with added features
such as provision of an alert button possibly increas-
ing nurse involvement and patient confidence. Sec-
ondary impacts on ADLs or physical mobility were
commonly supported, suggesting the further impact
of successful interventions, but consistency in theCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 211
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found. Finally, the impact of frailty interventions
on secondary issues such as quality of life, depression
or cognition is much needed, and analyses that
demonstrate the relationships between changes in
frailty as a result of the intervention and these
secondary outcomes that contribute to the wellbeing
of older persons and costs to healthcare are also
called for.
Recommendations for practice
This review has confirmed the view that frailty is
malleable, with effects of interventions on frailty
assessments demonstrated for men and women,
for frail and pre-frail and for some very old partic-
ipants indeed, including those in hospital or in long
term institutional care. This accumulation of find-
ings, albeit from a range of interventions, suggests
that intervention for frailty is worthwhile across the
range of frail patients, with strong evidence for
physical exercise plus nutrition, and other combina-
tions of evidence based intervention such as cogni-
tive training. However, we can also make some
suggestions as to what does not work. For example,
exercise interventions without group support seemed
less likely to work, and multi-disciplinary care
worked well for frailty when it included specific
interventions such as supported exercise, but not
when only continuum care was coordinated. How-
ever, such care based interventions that did not have
an impact on frailty itself still had other positive
impacts, for example, on independent function. The
economic evaluations of individually tailored man-
agement of frailty condition developed with older
adults recruited from different settings (primary
care, hospital care) was shown to be dominant as
compared to usual care, with the intervention pro-
vided to older adults from the community being
more effective and more probably cost saving, and
the intervention conducted with inpatients and
outpatients being more effective and equal cost.
However, further research with more rigorous meth-
odology is required to reinforce the current evidence
and to increase transferability of findings.
Based on the findings of this systematic review,
the following recommendations for practice can be
made:
JBIPhysical exercise programs provided in groups to
pre-frail and frail older adults that are institu-
tionalized32 or that live in community42,46,49 areDatabase of Systematic Reviews and Implementation Reports
WOLTERS KLUWERan effective intervention for reducing frailty level
(Level of Evidence – 1a) or, at least, for positively
changing some of the frailty indicators. Thus,
based on current evidence, health professionals
are strongly recommended to provide physical
exercise program conducted in classes or in
groups to prevent progression of pre-frailty and
frailty in community dwelling and institutional-
ized older adults (GRADE A). Physical exercise programs delivered in classes
with home-based practice to non-frail, pre-frail
and frail older adults from the community53,55
are an effective intervention for reducing frailty
level (Level of Evidence – 1c), improving or
postponing decline of grip strength, improving
gait speed and reducing fear of falling (Level of
Evidence – 1c). Thus, based on current evidence,
health professionals may provide physical exer-
cise programs conducted in classes with home-
based practice to prevent progression of pre-
frailty and frailty in community dwelling and
non-institutionalized older adults (GRADE B). Physical exercise programs provided individually
to non-frail, pre-frail and frail community dwell-
ing older adults43,55 have been shown to have no
impact on mobility (Level of Evidence – 1c),
functional status or biomedical and psychosocial
variables (Level of Evidence – 1c). Thus, based
on current evidence, the recommendation of
physical exercise programs provided individually
for preventing progression of pre-frailty and
frailty in community dwelling older adults is
not supported. Nutritional supplementation provided to pre-
frail and frail older adults from the commu-
nity23,49,53 is an effective intervention for increas-
ing physical activity (Level of Evidence – 1a), for
reducing long-term exhaustion and for improv-
ing energy intake (Level of Evidence – 1c); how-
ever, it seems to have no impact on body weight.
Thus, based on current evidence, health profes-
sionals are strongly recommended to provide
nutritional supplementation to prevent progres-
sion of pre-frailty and frailty in community
dwelling older adults (GRADE A). Group sessions for persons not at risk of frailty
and individual educational sessions by a geriatri-
cian for persons at risk of frailty, provided to
non-institutionalized older adults,51 are an effec-
tive intervention for reverting frailty conditionCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 212
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JBI(Level of Evidence – 1c), and the group sessions
with one home visit conducted with older adults
from the community40,47 is an effective therapy
for postponing progression in tiredness in daily
activities for up to one year (Level of Evidence –
1c/2RCTs). Thus, based on current evidence,
health professionals may provide group sessions
and individual educational sessions to prevent
progression of pre-frailty and frailty in commu-
nity dwelling and non-institutionalized older
adults (GRADE B). Home visit(s) from a nurse or other health pro-
fessionals, provided to frail45,54 and non-
frail40,47 older adults from the community, have
been shown to have no impact on frailty core
indicators (Level of Evidence – 1c/2RCTs), on
disability in ADLs (Level of Evidence – 1c) or on
physical and mental component of health status
(Level of Evidence – 1c). However, a single
preventive home visit by a trained professionals
delivered to non-frail older adults from the com-
munity40 has been shown to be an effective
therapy for postponing progression in tiredness
in daily activities for up to one year (Level of
Evidence – 1c), and the home visits from a nurse
combined with use of alert button provided to
frail older adults have been shown to be an
effective therapy for reducing frailty prevalence
(Level of Evidence – 1c). Thus, based on current
evidence, health professionals may provide home
visit(s) for preventing progression of pre-frailty
and frailty in older adults (GRADE B). Combined multidisciplinary treatment integrat-
ing physical activity and nutritional supplemen-
tation is an effective intervention for preventing
decrease in maximal walking time in community
dwelling older adults that are at risk of becoming
frail31 (Level of Evidence – 1c), and for improv-
ing some frailty indicators in community dwell-
ing women with frailty49 (Level of Evidence –
1c). Combined multidisciplinary treatment
including nutritional supplementation, physical
training and cognitive training is an effective
intervention for reducing frailty level, especially
for improving knee strength and energy level, in
pre-frail and frail older adults from the commu-
nity53 (Level of Evidence – 1c). Continued long-
term intervention of music-based multitask train-
ing provided to community dwelling older adults
at increased risk of falling48 is an effectiveDatabase of Systematic Reviews and Implementation Reports
WOLTERS KLUWERintervention for preventing decline in gait speed
and grip strength, and for reverting frailty status
in pre-frail persons48 (Level of Evidence – 1c).
Thus, based on current evidence, health profes-
sionals may provide combined multidisciplinary
treatment for preventing progression of pre-
frailty and frailty in community dwelling older
adults (GRADE B). Cognitive training provided to pre-frail and frail
older adults from the community53 is an effective
intervention for reducing frailty level and
improving knee strength (Level of Evidence –
1c). Thus, based on current evidence, health
professionals may provide cognitive training to
prevent progression of pre-frailty and frailty in
community dwelling older adults (GRADE B). Problem solving therapy provided to frail older
adults from the community42 has been shown to
have no impact on improvement in frailty, gait
speed, grip strength, weight, exhaustion or phys-
ical activity level (Level of Evidence – 1c). Thus,
based on current evidence, the recommendation
of problem solving therapy for preventing pro-
gression of pre-frailty and frailty in community
dwelling older adults is not supported. Hormone replacement with atamestane and/or
dehydroepiandrosterone52 has been shown to have
no impact on isometric grip strength, leg extension
power or physical performance of frail indepen-
dently living men (Level of Evidence – 1c). Thus,
based on current evidence, the recommendation of
the hormone replacement for preventing progres-
sion of pre-frailty and frailty in community dwell-
ing older adults is not supported. Individually tailored management of clinical con-
dition is an effective intervention for improving
physical performance in frail inpatients and out-
paitents44 (Level of Evidence – 1c), and for
reducing basic ADL dependency in older adults
who are from the community and who have
functional problems21 or who are frail and
require hospital care44 (Level of Evidence –
1c), but it seems to have no impact on instrumen-
tal ADLs44 (Level of Evidence – 1c). On the other
hand, individually tailored management of clini-
cal condition has mixed effects for decreasing the
core frailty indicators in pre-frail and frail older
adults from the community29,32,50 and hospi-
tals29 (Level of Evidence – 1c/3RCTs). In addi-
tion, individually tailored management of frailtyCOPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 213
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JBIcondition, as compared to usual care, has a high
probability to be cost saving when provided to
community dwelling older adults32 (Level of
Evidence - 6), does not increase the total costs
of care when developed with inpatients44 (Level
of Evidence - 6), and is equal cost when delivered
to oupatients44 (Level of Evidence - 6). Thus,
based on current evidence, we recommend adopt-
ing individually tailored management of frailty
condition on a larger-scale basis (GRADE B).Recommendations for research
Despite the positive findings, there are still many
unresolved issues. The impact of an initial level of
frailty or gender on the benefits of different inter-
ventions still needs clarification to inform personal-
ized frailty intervention. The interaction between
outcomes, such as impact of physical exercise or
nutrition on mediators such as cognition, depression
or self-efficacy in terms of the outcomes on frailty
also needs further investigation. Significantly, in
such extensive literature there were remarkably
few intervention types that fulfilled the inclusion
criterion of measuring frailty before and after
an intervention, and few that employed careful
RCT methods, preventing full systematic compari-
son or conclusions. Finally, there is a need for
well-conducted economic evaluations of frailty
interventions performed in different decision mak-
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SYSTEMATIC REVIEW J. Apo´stolo et al.Appendix II: Excluded studies based on assessment of methodological quality
Pseudo-randomized control trials (one group)
Nomura T, Nagano K, Takato J, Ueki S, Matsuzaki Y, Yasumura S. The development of a Tai Chi exercise
regimen for the prevention of conditions requiring long-term care in Japan. Arch Gerontol Geriatr.
2011;52(3):e198–203.
Reason for exclusion: Methodological appraisal value below minimum cut-off score. It was unclear whether
the outcomes were measured in a reliable way. The study authors did not describe and did not include in the
analysis the outcomes of people who withdrew. The critical appraisal items related with randomization,
blinding, allocation and comparability of the groups were not considered as the study was conducted with
one group only.
De Vries N, van Ravensberg CD, Hobbelen JS, van der Wees PJ, Olde Rikkert MG, Staal JB, et al. The
Coach2Move Approach: Development and Acceptability of an Individually Tailored Physical Therapy Strategy
to Increase Activity Levels in Older Adults With Mobility Problems. J Geriatr Phys Ther. 2015;38(4):169–82.
Reason for exclusion: Methodological appraisal value below minimum cut-off score. It was unclear whether
the outcomes were measured in a reliable way and whether the appropriate statistical analysis were used. The
critical appraisal items related with randomization, blinding, allocation and comparability of the groups
were not considered as the study was conducted with one group only.Before and after studies
Sugimoto H, Demura S, Nagasawa Y, Shimomura M. Changes in the physical functions of pre-frail elderly
women after participation in a 1-year preventative exercise program. Geriatr Gerontol Int. 2014;14(4):975–82.
Reason for exclusion: Methodological appraisal value below minimum cut-off score. The composition of the
study groups was intentionally different (healthy and pre-frail participants), thus all the critical appraisal
items related with randomization, allocation and comparability of the groups were rated negatively. It was
unclear whether the appropriate statistical analysis were used.
Yamada M, Arai H, Uemura K, Mori S, Nagai K, Tanaka B, et al. Effect of resistance training on physical
performance and fear of falling in elderly with different levels of physical well-being. Age Ageing.
2011;40(5): 637–41.
Reason for exclusion: Methodological appraisal value below minimum cut-off score. The composition of the
study groups was intentionally different (robust and frail participants), thus all the critical appraisal items
related with randomization, allocation and comparability of the groups were rated negatively. The outcomes
of people who withdrew were not described and included in the analysis. It was unclear whether the
outcomes were measured in a reliable way.Pseudo-randomized control trial (two groups)
Yamada M, Arai H, Sonoda T, Aoyama T. Community-based exercise program is cost-effective by
preventing care and disability in Japanese frail older adults. J Am Med Dir Assoc. 2012;13(6):507–11.
Reason for exclusion: In addition to lack of group randomization there was unclear information about
allocation and blinding procedures, and insufficient data about tools used for the outcomes assessment. It
was also unclear whether the groups were treated identically other than for the named interventions.Randomized controlled trials
Binder E, Schechtman KB, Ehsani AA, Steger-May K, Brown M, Sinacore DR, et al. Effects of exercise
training on frailty in community-dwelling older adults: results of a randomized, controlled trial. J Am Geriatr
Soc. 2002;50(12):1921–8.JBI Database of Systematic Reviews and Implementation Reports COPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 225
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SYSTEMATIC REVIEW J. Apo´stolo et al.Reason for exclusion: Not all outcomes were measured in the same way for all groups. There was also
unclear information about allocation and blinding procedures, and about the treatment of groups other than
for the named interventions.
Chin A Paw MJM, de Jong N, Schouten EG, Hiddink GJ, Kok FJ. Physical exercise and/or enriched foods for
functional improvement in frail, independently living elderly: a randomized controlled trial. Arch Phys Med
Rehabil. 2001;82(6):811–7.
Reason for exclusion: Those assessing outcomes were not blind to treatment allocation. In addition, it was
unclear if the assignment to treatment group was truly random, if participants were blinded to treatment
allocation, if the allocation to treatment group was concealed from the allocator, if the outcomes of people
who withdrew were described and included in the analysis, and if the groups were treated identically other
than for the named interventions.
Kono A, Kanaya Y, Fujita T, Tsumura C, Kondo T, Kushiyama K, et al. Effects of a preventive home visit
program in ambulatory frail older people: A randomized controlled trial. J Gerontol A Biol Sci Med Sci.
2012;67(3):302–9.
Reason for exclusion: The outcomes were not measured in a reliable way. There was unclear information
about allocation and blinding procedures. In addition, it was unclear if the outcomes of people who
withdrew were described and included in the analysis and if the control and treatment groups were
comparable at entry.
Kwon J, Yoshida Y, Yoshida H, Kim H, Suzuki T, Lee Y. Effects of a combined physical training and
nutrition intervention on physical performance and health-related quality of life in prefrail older women
living in the community: A randomized controlled trial. J Am Med Dir Assoc. 2015;16(3):263e1–8.
Reason for exclusion: The outcomes of people who withdrew were not described and included in the
analysis. It was unclear if the assignment to treatment group was truly random, if participants were blinded
to treatment allocation, if the allocation to treatment group was concealed from the allocator, if the groups
were treated identically other than for the named interventions, and if the outcomes were measured in a
reliable way.
Manor B, Lough M, Gagnon MM, Cupples A, Wayne PM, Lipsitz LA. Functional benefits of Tai Chi training
within senior housing facilities. J Am Geriatr Soc. 2014;62(8):1484–9.
Reason for exclusion: The outcomes of people who withdrew were not described and included in the
analysis, and the control and treatment groups were not comparable at entry. It was unclear if the assignment
to treatment group was truly random, if participants were blinded to treatment allocation, if the allocation to
treatment group was concealed from the allocator, and if the groups were treated identically other than for
the named interventions. It was also unclear whether the statistical analysis used was appropriate (the
authors used the parametric statistical tests in samples with n < 30, without reference to meeting the
assumptions underlying these tests).
Rydwik E, Lammes E, Fra¨ndin K, Akner G. Effects of a physical and nutritional intervention program for
frail elderly people over age 75. A randomized controlled pliot treatment trial. Aging Clin Exp Res.
2008;20(2):159–170.
Reason for exclusion: The allocation to treatment groups was not concealed from the allocator, and the
control and treatment groups were not comparable at entry. It was unclear if the assignment to treatment
group was truly random, if participants and those assessing outcomes were blinded to treatment allocation, if
the groups were treated identically other than for the named interventions, and if the outcomes were
measured in a reliable way.JBI Database of Systematic Reviews and Implementation Reports COPYRIGHT  2018 THE AUTHORS. PUBLISHED BY 226
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BEHALF OF THENotesBehm et al.,
201530
RCT N¼459 (64%
female)
Median age 85–86
years
Range of age: 80–97
years
Two urban districts
in Gothenburg,
SwedenMulti-professional
senior group meetings
with one home visit
including four weekly
meetings with 2-hour
duration and a fol-
low-up home visit
conducted 2–3 weeks
after the meetings
Single preventive
home visit with dura-
tion of 1.5 - 2 hoursOrdinary range
of community
services provided
when requestedFrailty The authors concluded that
multi-professional approach
might have been an impor-
tant factor contributing to a
more positive view of ageing,
and that the health promo-
tion and disease prevention
has a potential to older per-
sons.Bonnefoy
et al., 201231
RCT N¼102 (86%
female)
Median age 84 years
Range of age not
provided
Population receiving
home assistance,
FranceHome based exercise
program with dietary
protein supplementa-
tion provided during
four months. Each
exercise session was
supposed to last
approximately 20
minutes and be per-
formed once a dayNo intervention Frailty
Functional
capacity/mobility
Activities of daily
living
Nutrition-related
outcomesThe authors concluded that
a prevention program super-
vised by home helpers is
feasible and has some bene-
fits, opening new perspec-
tives in the management of
health care in the growing
elderly population; however,
the obtained results must be
confirmed in a larger study.Cadore et al.,
201432
RCT N¼24 (70% female)
Mean age 91.9 (
4.1) years
Range of age not
provided
Institutionalized old-
est old patients, Pam-
plona, SpainMulticomponent exer-
cise program provided
during12 weeks. The
exercise sessions
lasted approximately
40 minutes and were
performed twice a
week. A minimum of
2 days elapsed
between consecutive
training sessionsMobility exer-
cises provided
during 12 weeks.
The exercise ses-
sions lasted
approximately 30
minutes and were
performed four
time a weekFrailty
Cognition
Functional
capacity/
mobility
Activities of daily
living
Body composi-
tion
parameters
Adverse out-
comesThe authors concluded that
routine multicomponent
exercise intervention should
be included for nonagenar-
ians because it seems to be
the most effective for
improving the overall physi-
cal outcomes and preventing
disability and other adverse
outcomes.Chan et al.,
201233
RCT N¼117 (59%
female)
Mean age 71.4 (
3.7) years
Range of age: 65–79
Community resi-
dents, Toufen,
TaiwanExercise and nutrition
consultation provided
during three months
and including thrice-
weekly sessions with
duration of one hour.
Problem solving ther-
apy provided during
three months and
including 6 sessionsEducational
booklet provided
once a month
during three
monthsFrailty
Quality of life
Mental health
Cognition
Functional
capacity/
mobility
Activities of daily
living
Analytical
parameters
Body composi-
tion
parameters
Nutrition-related
outcomes
Adverse out-
comesThe authors concluded that
with proper exercise and
nutritional management even
a short three month interven-
tion can improve the
dynamic frailty process. The
effect of problem solving
therapy is less pronounced.. PUBLISHED BY 227
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201434
RCT N¼84 (71% female)
Mean age 79 ( 9.2)
years
Range of age not
provided
Population following
attendance at elderly
medicine outpatient
clinics in Bradford,
United KingdomHome-based exercise
program provided
during 12 weeks. Par-
ticipants were
requested to complete
the routine exercise
with duration < 15
minutes three times a
day on five days of
the weekUsual care Frailty
Quality of life
Mental health
Activities of daily
livingThe authors concluded that
home-based exercise pro-
gram may potentially dimin-
ish deterioration in mobility
experienced by older adults
with frailty; however, future
confirmation of the benefits
of the intervention is
required.Cohen et al.,
200235
RCT / eco-
nomic evalu-
ationN¼1338 (2%
female)
Mean age 74.2 years
(SD not provided)
Range of age not
provided
11 Veterans Affairs
Medical Centers with
established inpatients
and outpatients pro-
grams of evaluation
and management,
USAInpatient geriatric
care in multidisciplin-
ary evaluation and
management units
with unclear duration
and frequency
Usual inpatient care
followed by care at
outpatient geriatric
clinic with unclear
duration and fre-
quencyUsual inpatient
care
Usual outpatient
careFrailty
Quality of life
Adverse out-
comes
Costs of careThe authors concluded that
inpatient or outpatient geri-
atric evaluation and manage-
ment do not affect mortality;
however this intervention
when provided to inpatients
can significantly reduce the
degree of functional depen-
dency, and when provided to
outpatients can improve
mental health, without an
increase of overall costs.
Thus, the appropriate goals
for such programs must be
established and the ways of
the integration of these pro-
grams with inpatient and
outpatient services for frail
older adults must to be
determined.Eklund et al.,
201323
RCT N¼161 (55%
female)
Mean age not pro-
vided
Range of age not
provided
Emergency depart-
ment at Sahlgrenska
University Hospital/
Mo¨ndal, SwedenContinuum care by
multi-professional
team clinic with
unclear duration and
frequencyUsual care Frailty
Activities of daily
livingThe authors concluded that
continuum care has a poten-
tial to reduce dependency in
activities of daily living, sup-
porting frail older to age in
place; a valuable benefit for
the individual and society.Fairhall
et al., 201526
RCT / eco-
nomic evalu-
ationN¼241 (68%
female)
Mean age calculated
separately for each
group varied from
83.2 ( 5.91) to
83.4 ( 5.81) years
Range of age 71–
101 years
Patients discharged
from Division of
Rehabilitation and
Aged Care Services
at Hornsby Ku-ring-
gai Health Service,
AustraliaMultifactorial inter-
disciplinary interven-
tion targeting
identified frailty char-
acteristics provided
during 12 months. In
addition to individu-
ally tailored program,
participants received
10 physiotherapy vis-
its and were pre-
scribed a home
program of exercises
to be undertaken for
20 to 30 minutes 3 to
5 times per weekUsual care Frailty
Quality of life
Costs of care
Quality adjusted
life
yearsThe authors concluded that
12 month multifactorial
intervention provides better
value for money than usual
care, particularly for the very
frail older people, in whom
it has a high probability of
being cost saving and effec-
tive.. PUBLISHED BY 228
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201336
RCT N¼133 (55%
female)
Average age 75–76
years
Range of age 70–90
years
Population insured
by the Mexican
Social Security Insti-
tute and registered
with the Family
Medicine Clinic, liv-
ing in the city of
Ensenada, Baja Cali-
fornia, MexicoNurse home visits
alone provided
weekly during nine
months
Nurse home visits
including alert but-
tons provided weekly
during nine monthsUsual care Frailty The authors concluded that
the intervention based on
nurse home visits plus alert
buttons seems to have posi-
tive effects on frailty score;
however, it is necessary to
complement this analysis
with economic evaluations
that provide more data to
inform policy decision mak-
ing. Future research should
also focus on evaluating
long-term effects of the inter-
vention, to see whether it is
viable and valid strategy for
the care of the elderly in
Mexico.Gin-
Garriga
et al., 201037RCT N¼51 (61% female)
Mean age 84 ( 2.9)
years
Range of age not
provided
Primary Health Care
Center in the Barce-
lona area, SpainFunctional circuit-
training program pro-
vided during 12
weeks and conducted
twice a week, with
every session lasting
45 minutesHealth education
and usual care
provided during
12 weeks, with
education meet-
ings being con-
ducted once a
week and lasting
60 minutesFrailty
Functional
capacity/
mobilityThe authors concluded that
functional circuit-training is
a safe, sustainable and effec-
tive program that improves
measures of function and
reduces physical frailty
among frail older adults in a
primary care setting. This
type of intervention may
help prevent or postpone
frailty that is severe enough
to cause loss of indepen-
dence.Gustafsson
et al., 201238
RCT N¼459 (64%
female)
Median age 85–86
years
Range of age: 80–97
years
Two urban districts
in Gothenburg,
SwedenMulti-professional
senior group meetings
with one home visit
including four weekly
meetings with 2-hour
duration and a fol-
low-up home visit
conducted 2–3 weeks
after the meetings
Single preventive
home visit with dura-
tion of 1.5 - 2 hoursOrdinary range
of community
services provided
when requestedFrailty
Self-rated health
Activities of daily
livingThe authors concluded that
health-promoting interven-
tions provided to older
adults at risk of becoming
frail can delay deterioration
in self-rated health and activ-
ities of daily living in the
short term; with multi-pro-
fessional group intervention
having apparently a greater
effect than a single preven-
tive home visit; however,
further research is required
to examine the outcome in
the long term and in differ-
ent contexts.Hars et al.,
201439
RCT N¼52 (98% female)
Mean age 74.6 (
7.8 years)
Range of age not
provided
Community (popula-
tion composed by
participants who
completed the 1-year
trial of music-based
multitask interven-
tion), Geneva,
SwitzerlandContinued interven-
tion of music-based
multitask training
with original trial
lasting 6 months and
with extension study
lasting 4 years, over
45 weeks per year.
Interventions sessions
had duration of one
hour and were con-
ducted once a weekDiscontinued
intervention of
music-based mul-
titask training
with original trial
lasting 6 monthsFrailty
Self-rated health
Mental health
Cognition
Functional
capacity/
mobility
Nutrition-related
outcomes
Adverse out-
comesThe authors concluded that
long-term maintenance of a
music-based multitask exer-
cise program is a promising
strategy to prevent age-
related physical decline and
falls in older adults; and that
community-dwelling older
adults should be advised on
the major interest of sus-
tained long term participa-
tion to exercise for falls
prevention.. PUBLISHED BY 229
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201540
RCT N¼131 (100%
female)
Mean age calculated
separately for each
group varied from
80.3 ( 3.3) to 81.1
( 2.8) years
Range of age not
provided
Population selected
from the Basic Resi-
dent Register of
elderly people resid-
ing in the Itabashi
ward of Tokyo,
JapanMilk fat globule
membrane (MFGM)
supplementation given
daily during a period
of three months
Exercise R placebo
provided during three
months, with placebo
being given daily and
with exercise program
being conducted twice
a week and including
sessions lasting 60
minutes
Exercise R milk fat
globule membrane
(MFGM) supplemen-
tation provided dur-
ing three months,
with MFGM being
given daily and with
exercise program
being conducted twice
a week and including
sessions lasting 60
minutesPlacebo given
daily during a
period of three
monthsFrailty
Functional
capacity/
mobility
Analytical
parameters
Body
composition
parametersThe authors concluded that
exercise and nutrition can
improve frailty status in
elderly women; however,
further research on a larger
sample is necessary.Kim & Lee,
201341
RCT N¼87 (79% female)
Mean age calculated
separately for each
group varied from
78.4 (6.0) to 78.9
(5.5) years
Range of age not
provided
Population registered
in the National
Home Healthcare
Services database,
Gangbuk-gu, Seoul,
South KoreaProtein-energy supple-
mentation, with nutri-
tional supplements
being given daily for
a period of 12 weeksNo intervention Frailty
Functional
capacity/
mobility
Body
composition
parameters
Adverse out-
comesThe authors concluded that
protein-energy supplementa-
tion administered to frail
older adults with low socio-
economic status shows evi-
dence of reducing the
progression of functional
decline; however, further
studies are needed to ascer-
tain the beneficial effects and
to better identify factors pre-
dicting the effects of nutri-
tional supplementation.Li et al.,
201042
RCT N¼310 (48%
female)
Mean age 78.8 (
8.4) years
Range of age 65–
106 years
Urban community of
Taipei, TaiwanScreening evaluation
and appropriate inter-
vention based on
screening results with
unclear duration and
frequencyScreening evalua-
tionFrailty
Activities of daily
livingThe authors concluded that
comprehensive geriatric
assessment intervention pro-
grams tends to insignificantly
improve the frailty status
and activities of daily living
in pre-frail and frail older
people; however further,
larger studies with greater
efforts to improve patient
compliance are needed to
prove better the effectiveness
of these programs.. PUBLISHED BY 230
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et al., 201043
RCT N¼620 (60%
female)
Mean age 79.9 years
(SD not provided)
Range of age 75–94
Population registered
in a primary health
care center in Barce-
lona, SpainRecommendation
about healthy habits
and adherence to
treatment in group
sessions provided dur-
ing an individual ses-
sion with duration of
45 minutes
Individual sessions
with geriatrician pro-
vided during an indi-
vidual session with
duration of over 30
minutesUsual care Frailty
Mental health
Adverse out-
comesThe authors concluded that
comprehensive geriatric
assessment followed by geri-
atric intervention reduces
morbidity and mortality in
patients attended in primary
care that are at risk of
frailty, and increases the pro-
portion of patients that
reverse their initial status at
risk of frailty.Muller et al.,
200644
RCT N¼100 (0% female)
Mean age calculated
separately for each
group varied from
78.2 ( 3.0) to 78.8
( 3.5)
Range of age not
provided
Community residents
that participated in
the previous observa-
tional study, Rotter-
dam area, the
NetherlandsAtamestane R dehy-
droepiandrosterone
(DHEA) given daily
for a period of 36
weeks
Dehydroepiandroster-
one DHEA given
daily for a period of
36 weeks
Atamestane given
daily for a period of
36 weeksPlacebo given
daily for a period
of 36 weeksFrailty
Cognition
Activities of daily
living
Analytical
parameters
Body
composition
parameters
Nutrition-related
outcomes
Adverse out-
comesThe authors concluded that
the obtained results do not
support the hypothesis that
hormone replacement with
atamestane and/or dehydro-
epiandrosterone may
improve the course of frailty;
however, it could be sug-
gested that a longer treat-
ment period and/or higher
does are needed to find an
effect on physical frailty.Ng et al.,
201545
RCT N¼246 (61%
female)
Mean age 70 ( 4.7)
years
Range of age not
provided
Community residents
in the southwest
region of SingaporeNutritional supple-
ments given daily dur-
ing a period of six
months
Physical training
delivered during six
months, with two 90-
minute sessions per
week during first 12
weeks and individual
sessions at home, sup-
posed to be per-
formed daily, during
subsequent 12 weeks
Cognitive training
delivered during six
months, with two-
hour weekly sessions
during first 12 weeks
and two-hour fort-
nightly sessions dur-
ing subsequent
12 weeks
Combination treat-
ment integrating
nutritional supple-
ments, physical train-
ing and cognitive
training delivered dur-
ing six monthsUsual care R
placebo, with
placebo being
given daily dur-
ing a period of
six monthsFrailty
Activities of daily
living
Adverse out-
comesThe authors concluded that
physical, nutritional, cogni-
tive and combination inter-
ventional approaches are
effective in reversing frailty
among community-dwelling
older persons, and that is
feasible to identify pre-frail
and frail older persons in the
community and primary care
setting, to intervene effec-
tively to reduce their level of
frailty and to possibly pre-
vent future risks of hospitali-
zation, functional
dependency, institutionaliza-
tion and death.. PUBLISHED BY 231
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RCT N¼651 (71%
female)
Mean age calculated
separately for each
group varied from
81.3 ( 3.9) to 81.5
( 4.3) years
Range of age not
provided
Participants recruited
from primary care
practices and pri-
mary care physicians,
the NetherlandsProactive home visits
by trained community
nurses delivered dur-
ing 18 months, with
frequency and dura-
tion of visits being
unclear, with the
exception of the
assessment session
that lasted 45–75
minutesUsual care Frailty
Adverse out-
comesThe authors concluded that
they could not demonstrate
any beneficial effects of low-
intensity home visiting by
nurse; thus, further research
on effective interventions for
vulnerable persons, including
improved integrated
approaches, is required.Vriendt et al.,
201647
RCT N¼168 (80%
female)
Mean age calculated
separately for each
group varied from
79.9 ( 6.3) to 80.9
( 7.3) years
Range of age not
provided
7 different commu-
nity care services,
East-Flanders, a
province in Flanders
region, the Dutch
speaking part of
BelgiumActivity oriented and
community based pro-
gram provided during
the period of eight to
ten weeks, with fre-
quency and duration
of sessions being
unclearCommunity care
as usualFrailty
Quality of lifeThe authors concluded that
goal-oriented provision of
care results in improving
independence in basic activi-
ties of daily living and foster-
ing better quality of life;
however, there is a need for
determination of its long
term effectiveness.Wolf et al.,
200348
RCT N¼200 (81%
female)
Mean age calculated
separately for each
group varied from
75.4 ( 4.1) to 76.9
( 4.8) years
Range of age not
provided
Participants recruited
by local advertise-
ments and in inde-
pendent living
facilities, Atlanta,
USATai Chi provided dur-
ing 15 weeks, with
participants being
encouraged to prac-
tice at least 15 min-
utes twice a day
Computerized Bal-
ance Training pro-
vided during 15
weeks, with frequency
and duration of ses-
sions being unclearEducation exer-
cise-control con-
dition provided
during 15 weeks,
with weekly ses-
sions lasting one
hour.Frailty
Adverse out-
comesThe authors concluded that
a moderate Tai Chi interven-
tion can impact favorably on
defined biomedical and psy-
chosocial indices of frailty
and have favorable effect
upon the occurrence of falls;
however it warrants further
study as an exerciser treat-
ment to improve the health
of older people.. PUBLISHED BY 232
JOANNA BRIGGS INSTITUTE.
